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LETTER OF TRANSMITTAL. 



Department of the Interior, 

United States Geological Survey, 

Washington J I). C, August 15, 1904. 
Sir: I have the honor to transmit herewith the manuscript of a report on the 
Bingham Canyon mining district, Utah, and to recommend its pubHcation as a 
professional paper. The report contains an introductory statement on the general 
geology of the region by S. F. P^mmons, a chapter oti the areal and structural 
geology of the Bingham district by Arthur Keith, and a detailed discussion of the 
economic geology by J. M. Boutwell. This study is of scientific and industrial 
importance because of the interesting character of the large low-grade copper and 
rich silver-lead deposits developed, as well as of the standing of the camp as the 
largest copper producer of Utah. 

Very respectfully, C. W. Hayes, 

Geologist in Charge of Geology. 
Hon. Charles D. Walcott, 

Director United States Geological Survey. 
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BINGHAM MINING DISTRICT, UTAH. 



INTRODUCTION.— GENP:RAL GEOLOGY. 



By wS. F. Emmons. 



FIKLT> WORK. 

The field work of which this report represents the final results was first under- 
taken in the summer of the year 1900. This district had long been selected by 
the writer as worthy of special economic investigation, as well on account of the 
importance of its products as because of its geological stnicture and the peculiar 
relations of its ore deposits. It was not, however, until the summer mentioned 
above that the means at the disposal of the Survey, both pecuniary and scientific, 
justified its undertaking. 

As originally planned, the areal or surface geology was to have been worked 
out by Mr. Keith, who had already spent many years in unraveling the compli- 
cated geological structure of the Appalachian province, while Mr. Boutwell, who 
had more recently become attached to the Survey, was to have charge of the under- 
ground geology, or a study of the ore deposits, under the immediate supervision 
of the writer. 

When the time came for actually taking the field, it was found that the pres- 
isure of other work would not permit Mr. Keith to carry out fully the part allotted 
to him, and in consequence a part of his field work has fallen to Mr. Boutwell. 

Field work was commenced by the writer and Mr. Boutwell early in July, 

1900. Mr. Keith joined the party on August 10, but was obliged to leave for other 

duties early in September. Mr. Boutwell carried on his field work continuously 

from July until December, taking up underground work after the snowfall had 

rendered work on the surface geology impracticable. The geological structure 

had proved to be unexpectedly intricate and complicated, so that, on the opening 

of the field season of 1901, it was found necessary to make further study in the 

19 



20 OEOLOOT OF BINGHAM MINING DISTRICT, UTAH. 

light of results already worked out, and Mr. Boutwell spent some weeks in the 
dLstrict in the early summer of 1901. .His field work that year, partly in California 
and partly in Arizona, as assistant to Mr. Waldemar Lindgren, lasted through 
the summer and winter and well into the spring of 1902, so that but little time 
was left before he was obliged to take the field again in his study of the Park City 
district of Utah. Mr. Keith had been too closely occupied with his Appalachian 
work to complete his part, and thus the publication of this report has been 
imusually delayed. While the delay is a cause for regret, this regre4; is much 
tempered by the consideration that had the report been published earlier many 
facts brought to light during the vigorous development of the region in late 
years, wliich have an important bearing upon the structure and genesis of the 
ore deposits, could not have been used in its preparation. 

Of the following pages, Mr. Keith has written the part on **Areal geol()j2:y," 
but he has had to depend for many of his facts upon the observations of Mr. Bout- 
well. The rest of the report has been written by Mr. Boutwell. 

As neither of these gentlemen has had opportunities of making extended studies 
of the geological structure of the Oquirrh Range outside of the immediate district 
described in the report, it becomes the duty of the present writer to present what 
is known of the general geological structure of the entire nxw^v and its relation^ 
to the ore dep>osit8. 

OEXEUATj FEATURKS of TIIK HKCilOX. 

The Oquirrh Range proper is a north-south ranj^e alxmt 'M) niilo in lentrt) 
and very narrow, like all the Basin ranges, of which it is the (ir>t ranjrc 1\ in*; we> 
of the Wasatch Mountains. Stnicturally it is divided into two ncnrly c(|iial \h) 
tions by an east-west line drawn tlirouj]:h Butterficld Canyon on the ca^t sioj 
which forms the southern limit of the Bingham minin^: (iislrici. and Tooele ('an\ 
(also known as West Canyon) on the western slo|)e. Tlic lowest |)jt>N on tlic ra 
connects the heads of these two canyons. 

The part of the range lying south of this pass, as explained in a previous up* 
is much wider than its northern portion, and is of comparatively sim|)le >irii<' 
It consists of two great anticlines and an included syncline. wiio>e axe^ mn n 
westward, or diagonal to the general trend of tlie ran*re. Tiie axe^ ^t' llle>^e 
dines have a general pitch to the northwest, hence the lohU di-appear < 
under the valleys that bound the Oquirrh Han^e on the nnc^i. Ilie axi^ 
westernmost anticline lies near the western foothill>. cro»iiiL' iIm- iMurr ( 
Lewiston and Ophir canyons. The axis of the principal oi ( a-:, i iiii.m^i u 
nms out into the vallev a short distance soutli of Tooele (anxM-; 



^•»«nn8. S. F , Kconomle <'ieol.'»Ky nt thi» MiTciir iniiiin^j ilUtriit. l f.i:i. I:,i 
" «*. Cieol. Survey, lH!»r». i>i>. :n«.i-:.»:«». 
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The sedimentary rocks involved in this fold are of Paleozoic age and belong 
mainly to the Carboniferous series, although by faulting and canyon cutting some 
Cambrian beds are brought to the surface in Ophir Canyon, on the western slope. 
Devonian and Silurian beds have not yet been identified. In the Mercur mining 
district, at the southwestern extremity of the range, Mr. Spurr's detailed studies 
have proved the existence of about 5,000 feet of low er Carboniferous (Mississippian) 
limestones, overlain by exceedingly regular alternations of quartzites and lime- 
stones, in beds averaging not over 100 feet in thickness, called the Intercalated 
series, which carry an upper Carboniferous (Pennsylvanian) fauna. A thickness 
of 6,000 feet of these beds was actually measured and an estimated thickness of 
at least 4,000 feet more is exposed on the upper slopes of Lewiston Peak, whose 
summit Ues about in the axis of the included syncline; hence, this should represent 
the highest horizon exposed in the southern portion of the range. 

Between Mercur and Bingham, which lies nearly 20 miles to the north, extends 
the principal anticlinal fold of the range, which has been carved into a complicated 
series of high peaks and deeply dissected ravines. The rocks of the Bingham 
district, which lie a considerable distance northeast of the axis of this fold, con- 
sist of a greater continuous thickness of siliceous beds than was found at any 
part of the range. In the reconnaissance examination made by the Survey of 
the Fortieth Parallel these rocks were regarded as the equivalents of the Weber 
quartzite of the Wasatch Paleozoic section. 

A plan to make a survey of the entire range in connection with the special 
study of the Bingham district was outlined by the writer, and had this plan proved 
practicable it would have been possible to determine the exact relations that 
its sedimentary rocks bear to those which make up the rest of the range. As it 
is, in the absence of any detailed studies outside of that area, only a few surmises, 
based on short excursions to isolated points, can be made as to the structure of 
the northern half of the range. 

STRATICniAPIIY. 

The special studies of the Bingham area set forth in the following pages con- 
firm, in a general way, the determination of the Fortieth Parallel Survey that its 
quartzites belong to the Weber quartzite horizon, but it is probable that the lower 
I>ortion of this section, which includes alternations of limestone beds 200 to 300 
feet thick, may represent the upper portion of the Intercalated series, which in the 
Wasatch section intervenes in variable thickness between the limestone of the lower . 
Carboniferous and the Weber quartzite. 

In these limestones in the Bingham area Mr. Girty found only upper Car- 
boniferous fossils, except in the lowest member, the Butterfield Umestone, so 
called from its outcropping in Butterfield Canyon. In this member he found forms 



which at first seemed to indicate a lower Carboniferous age. Recent paleonto- 
logioal investigation has considerably widened the range occupied by these forms, so 
that at present the general aspect of the fauna indicates an upper Carboniferoue 
age for this limestone, thus confirming the evidence furnished by stratigraphy. 

The general structiui; of the Bingham beds is that of a shallow syncline wlmse 
axis pitches to the northwest. The limestones of the lower portion of the series ivrr 
seen to bend in Btrike from east through northeast to north in the upturn of tlie 
ridge that separates Bingham Canyon from Jordan Valley, while westward they 
have been traced down Tooele Canyon to where they wrap aroniid the nurlhi'in 
end of the great aniicliiie wuth of the mouth of that canyon. Thus, in a bnmd wuy 
they partake of the general folded structure of the southern part of the ruiijri'. 
but fracturing and faulting have played a more important part in producing tlic 
present contlitioos. and a still greater influence has been exorcised by the intrusion 
of numerous Itodiesof igneous rock in the form of stocks or laccoliths, dikes, and sills, 

ImmcdtaU'ly south of Butterficld Canyon, which forms the southern liiiiil of 
the Bingham district, there is evidence of powerful dynamic disturbance and pnibfthK- 
faultingalonganeasl-west zonein which, as it stretches eastward toward ilieTinvrr-'' 
Mountains, appear increasing amounts of igneous rocks. The nuivcincnt in tiiis 
zone is shown by vprtJcal dips, sheeting, brecciation. and stltcilicntion of l!ii' .-iili- 
mentary rocks. On the western slope a marked vertical sliecling inid siiicilirniiiiii 
in the lower part of the ridgp south of Tooele Canyon sugKi'^'" 'be [ins'iiblt' t\;i(ii>iiiii 
of the zone of movement in that direction, hut no direct i-viili'iK'i' n\ |ir<iliiu]iLl tlis- 
placement along the zone has yet been recognized. 

In the area lying north of the Bingham district tite noilli\\(si\MiMl-dip]iinp 
quartzites extend northward for several miles and iiri" Ibcii iii>nipt]y iiit ntf aioiit: 
an east-west zone of displacement, which is reveah'd nn the rri--l nl' ihr niTiirc by 
vertical sheeting, silicifi cation, brecciation. and sliiiition of iln' im k-. '['Iii.. /.uu,- 
of displacement apparently follows eastward the genenil iinr ol |)i\ Knrk, |)ii->in;,' 
out into the valley somewhat north of the month of Binirbmn Cnnvuii limtjcili- 
stelj north of this zone the quartzites are replaced by iilicrcil linic-imic-, ninl mi i\\<- 
southern face of Connor Peak, the highest point of iIiIh ]iiirl nl llic liiiiirc mc i\|ui-. 
ures of a great thickness of north ward -dipping massive lirni'sinnrs. Nn ~iii'li iliji k 
ness of limestone is known in the geological column of llii> fr'.'idn i.Ij.iv r iln' Iipmi'i 
Carboniferous: hence, though as yet unsupported by <lir('cl [inlcniiinliii^ii'iil rvulinn', 
the assumption is made, with conaiderahle confidence, tliul ibi-r hcil- niii-.l Iicli.n^ 
to that horizon, and hence lie many thousand feci below tin' (jUMri/ih- i>l' ilu' liiiii;- 
ham area, with respect to which they now stand nl ii (■un^^il^'lnll|^ iiJ;:liiT hI.miIihc 
elevation. 

In the northern fliird of the range, betwcpii ruminr I'.'jik ijurj --.iti LuKc j|. 
contrasted with the southern half , east-west to nordi triTuI- I'liiiim'ifii/r ihr' imi.ii.r 
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structure lines, and faulting is more prominent than folding. Evidence of this is 
seen on the steep northern face of the range that fronts toward Salt Lake, which 
apparently represents a fault scarp with a trend a little north of east. The sedi- 
mentary beds on this face, largely limestones, dip from 60° N. to vertical, wliile 
small outliers in the lake beyond — Sheep and Black rocks — have southerly dips. 

In summing up the evidence, therefore, it appears that the sedimentary rocks 
of the Bingham area at present occupy an abnormally depressed position relative to 
the portions of the range lying to the north and to the south of it, and^that with 
respect to the northern portion, at least, this relation has evidently been brought 
about by faulting. 

It should be said further that the thickness of the beds exposed here, which 
have been provisionally included in one formation, designated the Bingham quartz- 
ite and correlated with the Weber quart zite of the Wasatch section, is probably 
as much as 10,000 to 12,000 feet. This is more than double the maximum thickness 
of the Weber quartzite thus far ol)served — namely, in the Weber Canyon section of 
the Wasatch Range. Indeed, previous reconnaissance work in that range indicates 
that southward from that point the purely siliceous beds decrease in thickness and 
are replaced by alternations of limestone and quartzite typically shown in Timpanogos 
Peak in the Wasatch Range and Lewiston Peak in the Oquirrh Range. It is evident, 
therefore, that no close correlation can be made oil mere lithological distinctions 
until the whole Carboniferous section in this general region shall have been worked 
out in detail. 

Inasmuch as under existing conditions it has been impossible to determine 
any upper limit to this quartzite series, it has been judged wiser not to attempt any 
more exact correlation of the beds here included in the Bingham formation than that 
already suggested — namely, that it includes the Weber quartzite and probably a por- 
tion also of the underlying beds elsewhere called the Intercalated series. 

A striking feature in the lithological constitution of the beds of the Bingham 
formation is the nonpersistence of the limestones. Not only do they vary rapidly 
in thickness from point to point along the strike, but they often entirely disappear. 
Thus followed along the strike, some of the limestones of the upper series are seen to 
pass from limestone or marble through calcareous sandstone to almost pure quartzite. 
This character, which is probably due to rapid changes of sedimentation in a com- 
paratively shallow ocean, is observed to be rather common at this horizon throughout 
the Rocky Mountain region. It has been studied in detail at the Tenmile district 
in Summit County, Colo.,^' where, as in Bingham, it was of special importance to 
trace correctly the limestone beds, because of their ore-bearing quality. There, as 
in Bingham, certain limestone beds are found to be much more persistent than others. 
In Bingham, however, the intrusives are so irregular in form, so unevenly distributed, 

a Emmons, S. F., Tenmile district: Geologic Atlas U. 8., folio 48, U. S. Oeol. Survey, 1898. 
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and have been so muth disturbed by faulting subsoqtieiit to their intrusion, that it 
has been difficult, sometimes impracticable, to trace with certainty even the most 
persistent bods throughout their entire course. Thus the nearly adjoining lime- 
stones, locally designated the "Commercial" and "Jordan" members, which are 
the most important ore carriers of the district, have been traced in practical con- 
tinuity from near the mouth of Binghau) Canyon southward and westward to the 
Commercial and Jordan mines, and again along the southern and western slopes of 
West Mountain beyond the limits of the map. and down Tooele Canyon. For a short 
distance in the upper part of Bingham Canyon, however, the continuity of this out- 
crop is broken by the interposition of the Last Chance intnisive body, which ciit.s 
across both. About a mile and a half north of this is the flighland Boy limestone, 
which also carries one of the most important ore bodies of the district. It has been 
thought that thia limestone and the Yanipa limestone above it^ — neither of which 
can be traced for any considerable distance along the strike in either direction — arc 
portions of the Jordan and Commercial limestones which were lifted out of their 
normal positions by the intrusion of the Last Chance monzonite body or ]}y ftiiillini:. 
While there are some facts that support this view, a most careful study in the field Ims 
shown that it is untenable, and that these hmestones are more probably nmipeisist- 
ent members of a formation belonging to a considerably higher horizon in the srriew. 

IGNEOUS ItOCKS. 

Area and age of the in/rMsiiva.— The Bingham area is distingiiislied from other 
portions of the Oquirrh Kange.not only by the higher position in tliegtoliigicnlcolumn 
of its sedimentary rocks, but still more by its vast develnpiuenl nf ij^ncnuw iiilntsivc-;. 
While elsewhere these rocks are found only in sparsely scullcrcil dikes am] tiills uf 
inconsiderable thickness, in Bingham, as the geologicui map shdws, their ouH'mps 
cover a very considerable part of the mineral-bearing portion nt ihe mvn, und ilicri' 
is reason to assume that in depth these stocks or laccolithic Imdii's luive Ml'ien ^reuier 
dimensions than would be indicated by their surface expii.sure.-i. The Imjrir Imdies 
are in general of a holocrystalline or granitic strvieture, and the srniilliT dikr - niid 
sills are porphyritic. 

While it has not been possible to detennine the exael age nf iliese igTienns mik--, 
it is obvious that there have been two series of enipliDUn- jiii nirhi'j', which luo- 
duced the intrusive bodies that are closely related to (he ore ih'jinsji-., mid n liMec 
series of effusive rocks or surface flows, consisting of andcsilie Ihmis niirj hrcci'iu^. 
which cover the lower flanks of the range toward the Jordan \'j]|li y. Thi'>e Inter 
rocks were evidently poured out after the range had been c'arved iiiln n|i|irM.\iiaately 
its present form. While no direct evidence has been found a« In llie ii;:e uf ilii~e 
rock flowSj their analogy with similar flows following inlm.-iioTi- nl granitie and 
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porphyritic rocks in the Wasatch region" suggests that, Hke these, they occurred in 
the middle Tertiary. Their probable connection with the eruptives which built 
up the Traverse Mountains was also suggested by the geologists of the Fortieth 
Parallel Survey. 

' Connection of the igneous rocks with ore deposits. — Mr. Boutwell's investigations 
of the ore deposits, as will be shown in the following pages, have demonstrated a 
close connection between ore deposition and the igneous intrusions. He has shown 
the probability that a part of this deposition was the immediate result of the intru- 
sions — that is, that a part of the ore was formed b}^ contact metamorphism. Another 
and possibly the larger part, however, was the result of concentration in aqueous 
solutions that circulated through channels formed by dynamic action after the 
intrusion and consolidation of the igneous bodies. In this respect, also, there is to 
be observed an analogy with the ore deposits found in the vicinity of the granite 
bodies at the head of the Cottonwood cannons in the Wasatch Range. There the 
evidence of contact metamorphism is far more apparent than at Bingham, where, 
previous to the microscopical investigations made by Mr. Boutwell, it had not been 
detected. In the Wasatch, however, the ore bodies lound at the points of actual 
contact of country rock with eruptive masses have not proved to be so important 
economically as those which lie at some distance fiom the contact zones and which 
have no evident and direct connection with them. 

The fact that there were probably two periods of original ore deposition at 
Bingham constitutes an analogy with the conditions in the Mercur district. In the 
latter, however, it was the silver-bearing ores that were first deposited, while gold- 
bearing ores were of later date; whereas in Bingham the silver-lead ores appear 
to have been formed later than the first deposits of copper ore. Copper ores in 
general seem to be more frequently associated with contact metamorphism than 
silver-lead ores, but, in the opinion of the writer, it is through the subsequent concen- 
tration by percolating ground waters, generally supplemented later by further down- 
ward leachings through surface waters, that most workable bodies of copper ore have 
been brought into the condition in which they are now found, and this appears to 
have been the general sequence of events at Bingham. 

nEr mons, S. F , The Little Cottonwood gru i'e of the Wasatch Moi.ntains: Am. Jour. Sd., 4th ser., vol. 16, August, 
1903, p. 145. 
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GEOGRAPHY. 

The Bingham mining district is situated on the east side of the Oquirrh Moun- 
tains, in Utah, about equidistant from the north and south ends of the range. The 
Oquirrh Mountains form one of a large number of ranges which rise from the floor 
of the deserts and run in approximately north-south courses. The lengths of these 
ranges are from 10 to 100 miles, the Oquirrh Mountains being about 30 miles long. 
The north end of the range is washed by the south end of Great Salt Lake; its south 
end dwindles into low roUing country which stands but little above the desert. The 
desert valleys intervening between the mountain ranges are from 10 to 20 miles wide 
in this part of the State. Tooele Valley lies west of the Oquirrh Mountains, and 
Jordan Valley, Utah Lake, and Great Salt Lake border them on the east. On the 
east side of these valleys lie the Wasatch Mountains, the western front of the Rocky 
Mountains. These general relations are shown in PI. I. The valleys of Utah Lake 
and Great Salt Lake are separated by an east-west range that rises above the valleys 
1,000 feet or more and almost connects the Wasatch and Oquirrh mountains. 

The desert ranges are from 1,000 to 2,000 feet lower than the peaks of the 
Wasatch Mountains, their summits being 9,000 to 10,000 feet above sea, while those 
of the Wasatch are 10,000 to 12,000 feet. The surface of the desert valleys lies from 
4,200 to 5,500 feet above sea. The elevation of the lakes included in the desert valleys 
is but a few feet le^s than that of the surrounding land and varies somewhat accord- 
ing to the dryness of the season. Great stretches of shallow water extend along 
the shores, so that the areas of the lakes vary widely with their rise and fall. At 
the south end of Great Salt Lake rise several mountainous islands, which are partly 
submerged mountains of the same kind as those that are surrounded by deserts. 
At some fuller stage the lakes occupied a large portion of the areas which now con- 
stitute the desert valleys. Little or no water runs in these valleys except during 
the period of heavy precipitation in winter and spring. An exception to this rule is 
the Jordan River, which is the overflow from Utah Lake into Great Salt Lake. 
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Oeneral features. — BinghaDi Canyon lips on the past sidp of the Oquirrh Moun- 
tains and runs in a general northeast course until it reaches Salt Lake Valley. Froni 
that point the waters run nearly eastward. The main crest of the Oquirrh Moun- 
tains borders the canyon on the west. West Mountain lies at its southern heail. 
while between the canyon and Salt Lake Valley lies a single ridge a little over 7,000 
feet above sea and about 1,000 feet lower than the Qquirrh Range (see PI. III). 
Several large gulches open into Bingham Canyon from the west and southwest, but 
none of importance from the east. Chief of these is Carr Fork, of which a view is 
furnished in PI, IV. The mining district itself extends beyond the limits of the 
canyon into Pine and Tooele canyons on the west side and Butterfield Canyon on the 
east side of the Oquirrhs, and into a number of gulches on the east side of the ridge 
that divides Bingham Canyon from Salt Lake Vallej-. 

Direction of run-off Hnes.^As has been stated already, the general trend of 
Bingham Canyon is nnrtheast^southwest. From Clipper Peak and West Mountain, 
the highest points in the area shown on the map. the drainage is in a measure nidiiil 
into Bingham, Pine, Tooele, and Butterfield canyons. If Carr Fork l>e rci:ar<lt'd 
as the main or central stream, the line of the canyon is very straight. Probul>ly ii* 
much water comes out of this fork as out of the main or eastern fork. Tlir Limiri 
fork is but slightly deeper and longer than Carr Fork, and theasHifiiiiiuunf ilie natni' 
with this eastern fork is due to the greater importance of the I'lirly mines 4iuiUpd 
upon it, Markham and Freeman gulches and Dr\- Fork (coming in from the wcsl) 
are each considerable tributaries, although not so large as eiilicr nf tlii> priiicipitl 
heads. Butterfield Canyon, a verj- small section of which is inrlmli'il in llic iiicn •<( 
this map, is comparable in size «"ith Bingham Canynii. The -.nnn' •■»\\ \,i- !.,iu\ of 
Tooele Canyon, which heads against Clipper Peak and West Miniiihiiii, Tlir sinull 
gulches lying on the east side of the dividing ridge and emptyiiii: inio >jil! I.ulvc 
Valley are of less importance topographically than MarkhtMii (iiil'h. 

Running water.— Very little running water is to bp spcn in lliis region iliiiiii^ iln' 
dry season. At the heads of the principal gulches there are ii few spring:-.; "([(■■i- 
flows for short distances on the surface, but soon pva]>oratps or di>it|i]ir;ir- in iln* 
stream gravels. During the winter or wet season the full of niin mu) ^W'W i- unii- 
sionally considerable. Much of this water runs olf inuncdialcly itiio ilif (li-iii, 
owing to the high grades of the canyon, but some i.s alisorbcd b\ ilii< >nil ami rork 
and slowly trickles and seeps forth during the remainder nf the _\i';ir. 'I'lir (|iit(iiiii\ 
of underground water is very great at any time of year imd ii< di-.|in-:il i- .■! -riinti^ 
question in the deeper mines. To dispose of this snrplii-i \^uii'i' ■■iin.' rMi'ii-i\i' 
enterprises have been undertaken— the Bingham, Queen, iiinl i)ihi'i i uiinrl- 1^ ii|iii- 
ration is so great at the surface, however, that except in thi> nnnrv ilirii' ,- imJi' 
indication of the existence of this water. 
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Stream grades, — From Clipper Peak and West Mountain, with heights of 9,000 
feet or more, the water runs down a very heavy grade — over 2,000 feet in the first 
mile. Down Carr Fork for the next 2 miles the fall is 1 ,000 feet, and in the remain- 
ing 2J miles of the canyon the descent is 500 feet more. Where the canyon emerges 
upon Salt Lake Valley the elevation is about 5,500 feet, and the grade from that point 
eastward is small and gradually becomes less. Similar heavy grades are to be seen 
in all of the canyons and gulches of the region. Down such slopes as these the water 
runs with great rapidity. The finer portions of the rock and soil are carried from 
the hillsides in large quantities, and in the stream courses only sand, gravel, and 
bowlders are to be seen. During heavy rains and cloudbursts the rush of water is 
tremendous and sweeps everything before it. 

Forms of the surface. — The general aspect of the summits of the Oquirrh Moun- 
tains is smooth and rounded. Even in spite of the heavy grades the slopes are fairly 
uniform and the curves easy and flowing. In a general way the relative heights are 
determined by the solubility of the rock fonnations and of their debris. Minerals 
like calcite and dolomite (the carbonates of lime and magnesia) are readily dis- 
solved by atmospheric waters, especially if there is a small percentage of acid 
in solution. In the purest limestones over 90 per cent of the material of the rock 
is thus removed, leaving only a fine clay. When the rock is less pure, more material 
is left in the form of clay or sand, according to the original nature of the rock. In 
quartzites and sandstones containing only a small amount of lime the siliceous skele- 
ton of the rock remains firm, even after solution of the lime. Feldspar, also, is dis- 
integrated by circulating waters, but to a less extent than calcite. Those rocks 
that contain feldspar are not so weak as the calcareous rocks, because they usually 
contain a le^s proportion of soluble mineral. Feldspathic rocks are onlj^ occa- 
sionally to be found in the Bingham region, where they constitute minor la^'ers 
in the Bingham quartzite. These grade into the argillaceous sandstones of the 
same formation. Minerals like quartz are the last to be dissolved or disintegrated, 
and the siliceous rocks are accordingly most resistant. Thus the quartzites break 
down into small fragments, which are dissolved very slowly. Those igneous rocks 
which appear in large bodies are next most resistant to solution, but there are 
few masses of this kind; the small igneous bodies appear to be somewhat more 
soluble. The monzonites and andesites break down finally through decomposition 
of their feldspars. The marbles and limestones are the most soluble as a mass, and 
their fragments are the least durable of all; consequently, they seldom form sum- 
mits. As the result of their bulk, their insolubility, and their frequency, the quartz- 
ites cause most of the high ground. A little is formed by the principal masses of 
monzonite-porphyry. Here and there the limestones cross the divides, and their 
presence is marked by gaps. The solubility of the limestones is the cause of the 



small bpnches which appear here and there alonj; their courses. Similar ^ps and 
benches are formed by the iiurrow bodies of monzonite. 

Clilfs and W^f«.^j\Jthough rock is everywhere near the surface on account 
of the rapid removal of waste, there are very few cliffs. Ledges of moderate size 
r.re frequent, and in most cases are due to exceptional circumstances. In this 
respect the surface of the Oquirrh Mountains presents a strong contrast to that of 
the Wasatch Range. The reason for the absence of cliiTs lies in the abundance 
of joints in the quartzites, Except for these the quartzites, with only the normal 
partings of stratification, would cause long Unes of cliffs on steep slopes. The 
joints intersect the quartzite at many angles and in great number, and may be 
seen at any fresh exposure of the rock. Through them the rock layers are readily 
broken up into small fragment's, which slide slowly down the mountain sides aii<l 
produce a uniform slope. Thus the fragments of the harder rock sweep over and 
fill up the depressions wliich would normally be caused by the softer bed.s, .■'tj 
that these beds produce only slight hollows. Along many uniform slopes I lie 
different strata may be distinguished by the belts of brush which follow the softer 
and avoid the harder layers. A few lai^ cliffs occur — ^as. for instance, nuitli »( 
the end of the railway and on the lower portion of Carr Fork. (See PI. V.) ThiTc 
are also many talus slopes that are composed of streams of the harder quartziti' 
fragments without any soil. These are to be seen only on tlie .'Steepest slopes. 
(See PI. V.) The rock ledges are formed in almost all cases eitlier liy tlie lifjivy 
beds of chert tliat occur in the hmestones (see PI. VIII] or l>y luiriinri- nl' iIih 
quartzite that have been recemented by iron oxide. (Si'c I'i. XlU.i Thi"-!' 
are frequent tlu-oughout the entire region, but are most ('o]is|iiriiini- in ilif upper 
part of the main canyon. West of the town there itre ii tV" hitiri' Icdtro df 
monzonite-porphyry. 

Vegetation. — Through the rapid disintegration of the rocks by jniming, as 
has been stated, there is a considerable cover of loose material, lock fiantnents, 
and soil. In this flourishes a vegetation that is unusual in so dry ii cliiuiilc, Most 
of this consists of scrub oak and brush of various kinds and i-i illustmtcil in all -if 
the photographs of the region. In the hollows of the liigluT niiiinihiiiis iIhtc nn- 
large areas covered by aspen. An original growth of ciiiiifcrs «ii-. ciu dnwii I'nr 
timbering the mines. The aspens are most prominenl on llii' -)ii|ii's ,,\' Clippci 
Peak and West Mountain, The scrub oak appears (linni;.'liuiii l\i<- ii'irniii. bur 

diminbhes rapidly along the border of Salt Lake Vullcy '■ I'i MA mul i.-« 

re|)laced by the usual desert growth of sagebrusli. Tln' •■•>\rf nl' M-ir-'iiHinn, 

combined with the disintegration of the rock, interfere- ;-i>i- -K wiili ilu- hi-k 

of tracing the formations and interpreting the geology, liifdinMimn I'nni'crnin^ 
large areas is limited to that obtainable from tunnels and l>-i I'li- uhirb \\n\v 
penetrated to the solid rock. In a few regions the growth i>r irMiiir; -liiiiliv ;ilnni; 
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the lines of stratification is of some assistance. In no part of the Bingham district, 
however, can the course or attitude of the formations be determined from a distance,* 
as is the case in the Wasatch, and it is necessary to make a close examination of 
all parts of the ground. 

GEOIX)GY. 

STRATIGRAPHY. 

CHARACTER AND AGE OF ROCKS. 

The strata exhibited in the Oquirrh Mountains consist in the main of quartzites, 
sandstones, and limestones, with intrusive bodies of monzonite and monzonite- 
porphyry and extrusive flows of andesfte, the latter two being locally called por- 
phyry. Deposits of clay, sand, and gravel of Quaternary age lie around the bor- 
ders of the mountains and pass for considerable distances up the canyons. The 
stratified rocks are entirely of Carboniferous age. Much the greater portion 
are upper Carboniferous, although lower Carboniferous strata may possibly be 
reached in Butterfield Canyon. The age of the igneous rocks in this region is not 
known, except that they are later than Carboniferous. 

The sandstones and quartzites are all of light colors, usually white. The 
differences between the layers in various parts of the section are so small that it 
is impracticable to distinguish one series from another; only by means of the 
interstratified limestones can the details of the sequence be made out and the 
different quartzites be distinguished from one another. Inasmuch, however, as 
the Umestone beds in this region do not extend for great distances, the separation 
of the quartzite into formations is not possible where the limestones are absent. 
The latter are lenticular in character, thinning out and disappearing between the 
adjoining quartzites. The limestones appear abruptly in some places, in others 
gradually. In the eastern part of the Bingham mining district the quartzites 
are not subdivided by limestones, while the same layers around Old Jordan and 
Highland Boy contain a number of limestones. Thus it is practicable to subdivide 
the quartzites in one place but not in another. Accordingly they are all classed 
together as one formation, the '^Bingham quartzite, " while the limestones will 
be described as members, lentils, and variable deposits in the Bingham quartzite. 

^. SEDIMENTARY ROCKS. 

Bingham quartzite, — The Bingham quartzite is composed in the main of 
quartzites and of sandstones that are more or less silicified. The strata are for 
the most part white, and frequently vitreous. In the lower portions of the 
quartzite, especially below the Old Jordan limestone, a shght banding is to be 
seen in many places. This is due to extremely fine grains of dark minerals, such 
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»s iron oxides. The layers which are distinguished by the line banding of color are 
atao cross-bedded in many places. This cross-bedding was due to rapid altema- 
lioh of currents during the deposition of the strata. The banding is due to the 
darker minerals following the cross-bedding, just as they followed the lines of 
parallel bedding above noted. 

In the upper part of the formation, particularly above the Highland Boy hme- 
stone. are many layers of argillaceous sandstone containing feldspar and mica in 
fine grains. Many ripple marks aro se&n in these sandstones, indicating their 
formation in relatively shallow water. They are also marked in places by the trails 
of crawling animals. These sandstones are also slightly calcareous and locally 
develop into thin limestone beds which are of importance in connection with the 
ore deposits. These beds are of the same lenticular nature as the limestones that 
are mapped, but they are so small that it is not practicable to map them or to traie 
them for any considerable distance on the gi'ound. Along the crests of the ridges 
they are easily to be found, but on the slopes the loose slide material soon covers 
them. 

Almost any section where the rocks are continuou-siy exposed fur a hiimlii'il 
yards will show one or more layers of limestone or calcareous sHndstnni'. Thus, fur 
instance, on the crest of the Oquirrh Range north of Clipper Peak, in a distance 
of half a mile there are six beds of blue limestone a foot or nmrc in thickness, 
and many layers of calcareous sandstone. Again, along llic botloni of Pine 
Canyon and Markham Giilcb, on either side of the crest of llie ninuiuains. ^inlil!ll' 
series of limestone beds are to be seen. It is not possibli-, liowt-vi'i', tn riiiinecl 
the individual layers of one series with another, r»uall\ llir roiihuis <A the 
limestones and quertzites are sharp and distinct, ntui llif lr(iii~Ili<>ii IVuin one 
rock type to another takes place within a few incln's, [n niluT (■.■i-c-, u", I'nr 
instance, the top of the Commercial limestone jnsl I'lisl »< ilir Vo-cmiir inliu'. 
the quartzite passes downward into limestone lhnHi};li M'venil I' 
sandstone and sandy limestone. In still other cases there is 
limestone and sandstone layers for a few feet. The linicsloiic 
along the strike and disappear in two ways. Kilher the '■ 
approach each other and coalesce, indicating llmf ciiliiiiri-ii-. 
deposited at all where it is not now found, or elsr' Ihc i|iiiirulli'~ 
the limestones are calcareous, indicating that the ciilcarcnns iiijiii 
but in less amount than the sandy material. These extrusion^ nt i 
can' be traced for considerable distances, but with dillicullv . 

The texture of the quartzite is remarkably uniform ihiiiiiiilini 
is almost universally finegrained, particularly in the niure i|ii;iii, 
in the argillaceous layers the grain is but little coarser. In » {•■ys \ 
Markham Gulch, thin layers of (|uartz cnnglomeralc npi'fiit \- 
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grained for that class of rock. These coarse beds do not appear to have any great 
lateral extent and are only a few inches thick. The uniformity of the grain makes 
the bedding of the quartzites very difficult to ascertain, except whore argillaceous^ 
calcareous, or banded beds are present. This difficulty is still further increased by 
the prominence and frequency of the joint planes in the quartzite. Verv^ often 
these entirely obliterate the planes of stratification. In the case of the banded 
quartzites there is little difficulty, however, in determining the bedding. Also, as 
was stated in the discussion of the topography, the lines of varying vegetation follow 
and define the different layers of quartzite. 

Measurements of the thickness of the Bingham quartzite are extremely difficult 
to obtain. Neither the top nor the bottom of the formation appears in the Bingham 
mining district, and the portions exhibited here have been much broken and dis- 
turbed. Numerous faults have broken the strata of this region, and in many cases 
have repeated great thicknesses of rock, leaving them as an apparently continuous 
series. Many of these faults can be detected wherever the strata are distinctive 
enough, but it is likely that those which are discovered are only a small part of those 
w^hich exist, especially where the uniformity of the quartzite is not varied by lime- 
stone beds. During the intrusion of the monzonite, also, the quartzite was shattered 
and displaced to make room for it. With these possibilities in view no precise thick- 
ness can be assigned to the quartzite. When due allowances are made, however, it 
seems probable that 10,000 feet are exposed in the Bingham district. If the High- 
land Boy and Jordan limestones are the same the thickness is about 8,000 feet. 

These quartzites, since their deposition in the form of sand, have undergone 
many alterations, both of position and of character. They were first indurated and 
became hard rocks, as distinguished from the deposits of loose material, like 
those now seen on the floor of the valley. Later they were folded, perhaps at 
several different periods. Next an intrusion of monzonite took place, producing 
considerable chemical and physical alterations in the vicinity of the intrusive mass. 
Then followed one or more periods of faulting, with additional tilting of the strata. 
In connection with these dislocations and those which attended the intrusion of 
monzonite, there were produced many breccias of the quartzite and adjoining 
rocks. At a still later date the quartzites, together with the other rocks, were 
permeated by mineralizing solutions, portions of the rock were removed, and 
deposits of various minerals were substituted. Latest of all the processes of 
alteration is that which extends down to the present day. The underground 
waters are carrying on solution and redeposition, oxidizing the metalliferous 
minerals, recementing breccias, and slowly reducing the surface of the formation. 

Of all these various alterations of the (luartzite, the folding and faulting eflfected 
merely a change in the position of the layers, except where breccias were formed 



loc&IIy. In the case of the monzonite inLrusioD, similar hreccias were formed and 
there was alteration of the minerals composing the strata- This is most apparent 
near the intrusive bodies, and its effects were greatest in the Uniestone beds. The 
details of the various changes of texture and minerals are given under the headings 
■'Structure'' and "Metaniorphism." 

The Bingham quartzite is of Carboniferous age. Il^s fossils are abundant, par- 
ticularly in the limestone layers, and are chiefly those which characterize Ihe upper 
Carboniferous. At both the top and the bottom of the larger limestones they are 
common, but are perhaps even mure frequent in the smaller beds. They are especially 
numerous in the series of thin layers that cross the crest of the range north of Clipper 
Peak. The fossils consist largely of corals and crinoids, with some brachiopods. 
Collections were made chiefly by Mr, G. H. Girty, though some fossils were collected 
by Mr. Boutwell and the writer, and the specie.'^ were determined by Mr. Girty. 
Lists of the species identifled by him are given in an appendix. According to Mr. 
Girtj', all the fossils are of undoubted upper Carboniferous age. In the argillaceous 
sandstones north of Clipjier Peak and Highland Boy were found a few brachiopods 
and many fragments of apparent seaweeds. Neither the precise nature of ihese 
nor their bearing on the age of the formation was determined. 

The influence of weathering upon the Bingham quartzite has been brielly 
stated in the discussion of topography. Near the surface the rotk is l>ri)ken up 
chiefly by frost. At greater depths it is acted upon by undergrmmd waters and 
its materials are slowly removed In solution. Botli of these proi-csscs jire fncili- 
tated by the presence of the countless joints and, to a less extent, by the be<{ding 
planes. In the vitreous quartzites the passages along the licddinj; plmics ore 
practically filled up, and the rock would be nearh- impcrvinns l.i water were it 
not for the joints. Since these traverse the rock at niiiiiy ii!ii.'!cs, the witliT liiids 
easy and complete access to any portion of the rock. 

The quartzite seldom forms ledges, except where the rm-k is sp('<'iiii!y iluinlilc, 
as in mineralized footwalls and recemented breccias, wiiich arc dcsiribcil unih'r 
the heading ''Metaniorphism'' (p. 62). Along the crests of the ridges, when- 
the waste material is speedily carried away, snbordimile oiitrnips arc vvvy fre- 
quent. Similar outcrops are common near the jitrciiJiis, ul-u, ulicrr ihc ili'l)jis 
is rapidly removed. On the side slopes, however, tlic I'uvi'r nf ijii;irl/,iit' vsa.stf 
is always present. Here and there small portions of ihe <[UMrl/.iii' prninidr, Imt 
■one may travel on loose rock for long distances without seeing an oiKrnip lA' ariv 
kind. The quartzite fragments are small, for the rock is I'ltl up iiiin -.nmll ac- 
tions by the joint planes. The angular character produced liy ihe junii- i- liltle 
modified as the fragments slide slowly downhill. Even in Hie -heaiii lied-, ilu- 
amount of running water is so small that the fragments are seliinni rnnniii'il They 
are moved down the stream beds chiefly by the floods of wiiilcr ami -juinj:, wlien 
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grained for that class of rock. These coarse beds do not appear to have any great 
lateral extent and are only a few inches thick. The uniformity of the grain makes 
the bedding of the quartzites very difficult to ascertain, except where argillaceous^ 
calcareous, or banded beds are present. This difficulty is still further increased by 
the prominence and frequency of the joint planes in the quartzite. Very often 
these entirely obliterate the planes of stratification. In the case of the banded 
quartzites there is little difficulty, however, in determining the bedding. Also^ as 
was stated in the discussion of the topography, the lines of varying vegetation follow 
and define the different layers of quartzite. 

Measurements of the thickness of the Bingham cjuartzite are extremely difficult 
to obtain. Neither the top nor the bottom of the formation appears in the Bingham 
mining district, and the portions exhibited here have been much broken and dis- 
turbed. Numerous faults have broken the strata of this region, and in many cases 
have repeated great thicknesses of rock, leaving them as an apparently continuous 
series. Many of these faults can be detected wherever the strata are distinctive 
enough, but it is likely that those which are discovered are only a small part of those 
which exist, especially where the uniformity of the cjuartzite is not varied by lime- 
stone beds. During the intrusion of the monzonite, also, the quartzite was shattered 
and displaced to make room for it. With these possibilities in view no precise thick- 
ness can be assigned to the quartzite. When due allowances are made, however, it 
seems probable that 10,000 feet are exposed in the Bingham district. If the High- 
land Boy and Jordan limestones are the same the thickness is about 8,000 feet. 

These quartzites, since their deposition in the form of sand, have undergone 
many alterations, both of position and of character. They were first indurated and 
became hard rocks, as distinguished from the deposits of loose material, like 
those now seen on the floor of the valley. Later they were folded, perhaps at 
several different periods. Next an intrusion of monzonite took place, producing 
considerable chemical and physical alterations in the vicinity of the intrusive mass. 
Then followed one or more periods of faulting, with additional tilting of the strata. 
In connection with these dislocations and those which attended the intrusion of 
monzonite, there were produced many breccias of the quartzite and adjoining 
rocks. At a still later date the quartzites, together with the other rocks, were 
permeated by mineralizing solutions, portions of the rock were removed, and 
deposits of various minerals were substituted. Latest of all the processes of 
alteration is that which extends down to the present day. The underground 
waters are carrying on solution and redeposition, oxidizing the metalliferous 
minerals, recementing breccias, and slowly reducing the surface of the formation. 

Of all these various alterations of the quartzite, the folding and faulting effected 
merely a change in the position of the layers, except where breccias w^ere formed 



to dislocation by the monzonitc intrusiun and perhaps also to a fault along its 
northern margin. The nionzonite cuts off the western extension of the lime- 
stone: toward the east it outcrops for half a mile until it passes beneath the Qua- 
ternary formations of the valley. Considerable alterations have taken place in 
the limestone near the contact of tlie nionzonite. These consist for the most 
part of a recrystallization of the oalcareoiis matter into marble. The marble 
is also purer, as if most of the silica had been driven off at the same time. It is 
possible that this was de[>o.sitcd in the highly siliceous layers which are found 
in the Lenox mine. East of the latter point the sihceous material i,s less promi- 
nent, and the limestone is of the ordinary calcareous composition and blue color. 
Fossils of upper Carboniferous age are numerous, especially in the upper part oC 
the deposit, 

Jordan limestone member.— Thi strata of this formation were named for tlicir 
occurrence in the Old .Jordan mine. Beginning at the edge of the valley, soulli of 
the Dulton and Lark mine, they follow a general southwest course and ]>us.s, with 
many inten-uptions due to faults and nionzonite intrusions, through the Brooklyn. 
Telegraph, Niagara, and Old Jordan mines. Those areas of the formation whii-h 
outcrop (see PI. \^) along the south slope of West Mountain have no surface con- 
nection with the other areas. They are considered the same, however, beciui?c 
they rest upon the same great mass of Bingham quurtzite and because they have 
similar thicknesses and vary in the same order. It is possible, pt'rliiip.s even prob- 
able, that the limestone at the Highland Boy mine is of the same ii^c as the .Innlim. 
The sequence of the two limestone masses around the Highlaml Buy mine loire- 
sponds in thickness and lilhologic appearance with the se<|ni'ni'r of lin- .furdan 
and Commercial limestone members. Besides, there is a frugiiiciiiiir>' crinneclion 
on the surface, through the limestone bodies southeast of the lli;;iiluu.l Buy, in 
the Stewart and adjacent mines. For the piirpo.ses of this re|)orl. hourMT. only 
the limestones at West Mountain will be considered equivalent to the .loidnn. 

It is possible that the limestones at West Mountain are ciiviivalcnl In the 
Lenox limestone. The two occupy somewhat similar positions wilh n'rcn'iicc m 
the Butterfield limestone, but it would be hazardous to correlate lliciii ili'linildv. 
The fossils collected from each series were not sufficient to si'tllr \\\v qMc^tlnn. 
If these two were equivalent in age, the probability is greatci- tliiil lin' [li^liliiiui 
Boy and Jordan limestones are the same. 

The Jordan limestone consists of calcareous strata liiiit Iijim' lurii ninic <<v 

less altered hy mineralizing agents and by intrusive lnass(.'^. \<i 1/ ic Tlir 

most notable alterations are a conversion of the limcstunc inln ii)!ii'lilr ^luil :i itioic 
or less complete replacement of the lime by silica. In the virjimv ,.{ dir htiii.ni 

and Lark mine the original blue hmestimc character is !'<■: n. I'jiitlin \m-i. 

at the head of Yoaemite Gulch, the limestone is alnio.-t .■iiii!i'l\ ir|)l)i(nvl by 
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silica. The aspect of limestone* is preserved, however, in the color, texture, and 
fracture, as is often the case with these silicified beds. From the Telegraph mine 
westward to the head of Old Jordan Gulch the alteration is for the most part a 
recrystallization of the limestone into marble. In this area, also, there are local 
siUceous alterations of extremely variable aspect. A great development of ore 
bodies by mineralization of the limestone is found in this and the Brooklyn area. 
That part gf the formation lying on the slope of West Mountain is much less min- 
eralized, and exhibits the transition from crystalline marble near the monzonite 
to a normal blue limestone farther west. 

The most common rock in the unaltered portions of the formation is a pure 
fine-grained Hmestone. The blue color varies locally from light to dark, or even 
becomes black. Other colors present are light gray and dove color. A fine grain 
is characteristic of the formation, whether in the unaltered state or metamor- 
phosed into limestone marble. A considerable variation in the formation is the 
limestone conglomerate on the slopes of West Mountain. This has a thickness 
of at least 20 feet and<s interbedded with the Hmestone about 75 feet above its 
base. It is seen only at that locality and can not be traced far. Other more 
frequent exceptions to the general character are the small layers of quartzite that 
interrupt the limestones. These are found at various places; for instance, just 
east of the Brooklyn mine, also on the divide between Butterfield and Bingham 
canyons. Between these quartzites and the limestone there is a rather rapid 
transition through sandy limestones. The quartzites represent a merely local 
bed of sand, the deposition of which interrupted for a short time the deposition 
of calcareous beds. These and the limestone conglomerate serve to emphasize 
the fact that the limestone was formed in shallow waters of varying position and 
extent. 

Probably the most considerable exception to the calcareous nature of the 
original formation is found in its content of chert, which appears in the form of 
nodules, layers, and masses. No distinction can be made between these different 
forms as regards origin, although the extremes are widely different in appearance. 
The nodules are round or spheroidal (see PI. VII, ^4), and by the junction of many 
of the nodules more or less continuous beds are formed. The transition from 
these thin layers of connected nodules to the heavier beds of massive chert, like 
those illustrated in PI. VIII, is a change only of degree and not of kind. The 
chert nodules are readily found throughout the formation, but are more frequent 
in the eastern than in the western areas. The small nodules are black in color; 
the larger ones are banded with concentric bands of black and gray, and both are 
gray or white when weathered. The large masses of chert are dark or light gray 
and become white on weathering. 



Fossils are found in great quantity in many layers of the limestone. Those 
.consist in the main of corals and many brachiopods and gasteropoda, all of upper 
Carboniferous age. A list of theise is given in a table prepared by Mr. Girty 
and presented on page 389. From the great numbers of these fossils that are found 
it seems highly probable that the limestone beds were largely formed of fragments 
of their calcareous skeletons. The ground-up waste from their colonies was trans- 
ported only for short distances before it was taken entirely into solution by the 
sea water. Some such process as that indicated explains the lenticular sliape, 
the abrupt termination, and the great variations in thickness of the limestone 
beds, for in so" far as the source was local the deposits themselves would be local- 
ized and more readily affected by other local conditions. The formation has an 
apparent maximum thickness of 300 feet on West Mountain. This measure- 
ment is not very reliable, however, on account of the cnishing and faulting that is 
visible there. Its average thickness is a little over 200 feet, which holds for all 
areas except those near the Brooklyn mine. At that point it exhibits only about 
20 feet. This rapidly increases to the full thickness witlfin 200 yards to the east, 
but becomes even a Uttle less toward the west, before being cut off by Ihc 
nionzonite. 

After the strata of this formation were consolidated, they were disiurhed 
in various ways. In common with the other strata they were iipHirned during 
the period of compression which produced the folded structure of tlie ifgion, Theiv 
seems to have been in connection with this movement no alteration tjf the rocks 
save that of position. Other changes were wrought in the limeslimc by the mim- 
zonite intrusion. Near the contact the strata were shattered, bit'.riaiiil, mid 
reerj'stallized in a manner that is more fully considered under ihc hciidiiig " Mctti- 
niorphism" (p. 62). The brecciation involved only change nf po-iiiion, arid il.s 
effects seldom extended far from the contacts. Still later changes of form wvn- 
produced during the period of faulting, when breccias were formed and tin' -mitn 
were broken across. Last of all came the various fis-sures, mineniliziu;.' luoii'-jvr-., 
and joints, the chief results of which were mineralization of the stialu mid |ji-<i- 
duction of the o^e bodies. 

Commercial limestone member. — This is the most extensive of tlic liinrNiMri'' 
bodies of this region. Except for interruptions caused by the monzcmiiii intru- 
sions, it reaches from West Mountain, just north of Old Jordan. Niagnni, mid 
Telegraph mines, through the Yosemite and Dalton and Lark nu'ne.-*, nctirly lo the 
mouth of Bingham Canyon. After a short inter\'al it reai)pciirs, wilh grcailv 
reduced thickness, for a fourth of a mile north and south of West .MouiiKiin plm it. 
In that vicinit.v it exhibits the lenticular character common to all of ih<"-f Jiiin- 



stone formi iround Midas Creek, when- il iliin- 

200 feet, the i i< formation, down to mitliini' mul di-iii 
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between the quartzites. Its extension southward from West Mountain covers a 
considerable area, but has not been investigated in detail. 

The formation contains precisely the same kinds of rock as the Jordan lime- 
stone, which preceded it; and in fact it is quite impossible to distinguish one from 
the other, either in the hand specimen or in individual outcrops. The chief differ- 
ence lies in the somewhat greater amount of silica present in the Commercial lime- 
stone. The commonest strata in the deposit are the blue limestones and the 
altered white marbles. iVlso, there are found here and there beds of light-blue, 
gray, dark-blue, and black limestone. In most of the areas shown on the map 
the formation consists of the altered deposits. The blue limestones are seen in 
both altered and unaltered forms on the slopes of West Mountain. Unaltered 
or little altered limestones appear in the vicinity of the Dalton and Lark mine, 
and the amount of metamorphism in the area north of that point has not been 
sufficient to change the general aspect of the rock. Between the Dalton and Lark 
mine and West Mountain the metamorphism of the limestone into marble is nearly 
complete. 

The deposits of silica have the same form in this limestone as in the Jordan. 
Part of them may be of secondary nature — i. e., may be due to silicification of 
the original limestone — but part is also original, in the form of more frequent 
chert beds. PI. VIII is a reproduction of a photograph of one of these beds on 
the divide just northeast of Telegraph mine. When in the form of chert they 
range from small balls and nodules up to bedded masses. There are also a few 
beds of quartzite included in the limestone near its junction with the Bingham 
quartzite. In some cases, for instance, southwest of the Yosemite mine, it is diffi- 
cult to say whether these beds were formed as lenticular deposits or were produced 
by repetition of the beds along strike faults. Some layers of the blue limestone 
contain fossils, but they are les« common than in the Jordan limestone. These 
are not found in the marbles and altered strata. 

The Commercial limestone has passed through the same periods of metamor- 
phism as the preceding formations. The original nature of the beds was the same, 
and the same agencies were active in changing them. Accordingly, the secondary 
products are identical in appearance with those of the Jordan limestone. The 
description of the alterations of the Jordan will suffice for the Commercial except 
for differences in locality. 

Highland Boy limestone member. — Six areas of limestone classed under this 
name are found around the head of Carr Fork. These are within short distances 
of the Highland Boy mine, which is situated upon its largest area. Several other 
small areas which are found inclosed in the mass of the monzonite may be assigned 
to this formation. The question of the equivalency of this limestone with the 
Jordan has been discussed already, in part. The general sequence of the forma- 
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tions, inejfildfiig the HigWand Boy and Yarapa limestones, ver^^ strongly resembles 
that which includes the Jordan and Comraercia! limestones. Tbe thicknesses of 
the respective limestones are ahout the same, and the inter\-als between them are 
similar. The Yampa is more siliceous than the Highland Boy, just as the Com- 
mercial is more siliceous than the Jordan. Between the principal limestone mass 
at HigUand Boy and that at Old Jordan the connection by isolated areas of lime- 
stone is so close that it is impossible to state to which formation some of these 
bodies belong. On the other hand, the Highland Boy limestone, at the head of 
Carr Fork, seems to lie above the Commercial limestone near by on West Mountain. 
This apparent superposition, however, has little or no weight, on account of the 
possibility of faults which may have repeated the outcrops of the formation. There 
are undoubtedly many faults of considerable throw that are as yet undiscovered, 
because tbe rocks t>irough which they pass are the same and show no offsets. 

Another fact that is adverse to the correlation of the Highland Boy and 
Jordan limestones is tbe prearnce ot the Tilden and Phoenix limestones above the 
Yampa limestone. Both the Tilden and tbe Phoenix limestones, however, have a 
strongly marked lenticular character and disappear in short distances along the 
strike. A similar disappearance, therefore, across the strike, in the direction of llie 
Commercial limestone, wou'd reasonably account for their absence above Old Jordan. 
On tbe whole, it is not at all sure that the Higliland Boy and Jordan limestones are 
tbe same, although many facts point most strongly to that conclusion. The two 
series will therefore be separately represented and described. 

Tbe Highland Boy hmestone is now composed altogether of marble. Mn.st of 
this is white or of light color but there are in places beds that are motlii'd blue and 
wliite. Although none of the original rock of the formation is now visible, the allerii- 
tions undci^one by other limestone beds indicate ibat this marble was derived 
from blue limestone. The Highland Boy limestone contains consiilcrablf siliin, 
both in the form of extremely fine sand grains and of amorphous silicu or ilii'rr. 
Much of the chert is undoubtedly secondary, but some, at least, is an original ]mrt 
of the deposit. The same can be said of that portion of the silica which nj)peai-s us 
rounded grains of quartz sand. These fine, rounded grains, not usually visible to 
the eye, represent a small amount of quartz sand that was added to the caliiiroiiu^ 
matter when the formation was deposited. The chert occurs in sjiudl iiiassc.-s, 
sometimes nodular, but the round forma are much rarer than in llie iinalteri'd 
limestones. In this respect it is similar to that found in the uliciisl imriiniir- uf 
the Jordan limestone. The silica seems to have been largely taki^n int<i .-.nluiiim 
and redeposited in more irregular shapes. The cause of this s<i[iiiinn nml (vdrpii- 
sition was midoubtedly the intrusion of the monzonite, as wa^ ihi' < :i~<' in iln- 
Jordan and Commercial limestones. FracLically all the chert aiu! jiuuMi- i> w hiic 
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or of light color, and it is probable that the coloring matter was driven off from 
them when they were recrystalized. 

The Highland Boy limestone is about 400 feet thick at its greatest development. 
Whether this is its true thickness, or whether its thickness has been increased by 
faults, is uncertain. Southwest of the Highland Boy the formation is cut off by faults 
and by the intrusive monzonite, so that its manner of change in that direction can 
not be determined. It disappears altogether, however, before it reaches the divide 
between Bingham and Tooele canyons, for in that locality only quartzite is seen 
at this horizon. What appears to be the westward continuation of the Highland 
Boy limestone is part of the Yampa limestone, offset by a fault into the line of the 
Highland Boy limestone. Immediately below the Highland Boy mine, also, the 
formation is cut off by a fault along the line of the valley. East of this fault no 
representative of the formation is found wliich is distinct enough to be mapped. 
There are, to be sure, a number of slightly calcareous beds in the quartzite. These, 
however, are not limestones and can not be traced for any considerable distance, 
even if they were known to represent the Highland Boy limestone. In any event, 
the conclusion must be reached that the formation thins very rapidly eastward, or 
else there would be some recognizable deposit of limestone at its horizon within so 
short a distance. 

Yampa limestone m ember. -^There are two bands of this deposit on the 
northwest side of the gulch above Highland Boy mine. It is possible that this is 
equivalent to the Commercial limestone. The evidence for and against this is the 
same as that found in the case of the Highland Boy and Jordan limestones, and no 
conclusion can be reached. 

As was true of the Higliland Boy lunestone, none of the original blue limestone 
is left in this member; it consists entirely of white, siliceous, and cherty marble. 
Except for its more siliceous character, this and the Highland Boy limestones are 
practically indistinguishable. The silica is partly rolled quartz sand, washed in 
with the lime when the deposit was formed. This is plainly to be seen when thin 
sections are examined under the microscope. There appears to be, also, a small 
amount of secondary silica in minute grains, which probably replaces some of the 
original calcite. Nodules and irregular masses of chert are frequently found in 
the limestone, the irregular bodies being more prevalent. These masses probably 
represent secondary alterations of and additions to the chert nodules, as in the 
Highland Boy limestone. In no other respect is this limestone separable from 
the Highland Boy. 

East of Clipper Peak the formation appears to be thickest, its thickness there 
being about 400 feet. Southwest of this locality it rapidly becomes thinner and 
disappears within a quarter of a mile. North of Highland Boy mine 300 feet of 



marble appear, and this in turn thins out and disappears toward the northeast. 
Pari of this diminution is attributable to faults that pass down the valley, east of 
which, as was true of the Highland Boj- limestone, there are no calcareous beds of 
note wliieh might be ponsidrred the equivalent of the Yampa limestone. Thus this 
limestone mass wedges out quite as abruptly as the Highland Boy. 

This limestone, like that of the Highland Boy member, has been everywhere 
metamorphosed. The change was probably due to the same monzonite intrusions 
that affected the other strata. At present only the southwest end of the formation 
is seen in proximity to a monzonite body. North and east of the Highland Boy 
mine no outprops of monzonite are seen witliin .500 feet of the Yampa limestone. It 
is quite poaeible, however, that there are other bodies beneath the surface which 
are nearer the limestone bed. Moreover, this formation lay for the most part above 
the heda into which the monzonite was forced. Heated waters and vapors from 
the monzonite would tend to rise, and would reach, therefore, to greaU-r distances 
upward than laterally. In this manner might be explained the metaniorphisni 
of the limestone at a greater distance from the igneous rock than in the preceding,' 
formations. The same line of reasoning would account for the alterations i>f llic 
Tilden and PhoenLx limestones, which lie considerably higher than the Yampa and 
are still further removed from the monzonite contacts, 

Tilden and Phoenix limestone Itjitils.— These two limestones will be described 
together, because they are in all essentials similar. They are found on the north 
aide of Carr Fork, in a belt that is more or less broken by faults. Eiicli fonnatinn 
consists of white or light-colored marble. This is siliceous, like the llighliind Boy 
and Yampa limestones. Most of the silica is in the form of niinuie sand gniiiis 
enclosed in a calcareous matrix. Where the amount of this increases it is diflicult 
to mark the boundary l>etween these formations and the adjoining quartziles. Fur 
the same reason it is difficult to trace the formations along the strike where lliey 
thin down to a few feet. If exposures were good they cuuld uiidoulitedly br fol- 
lowed for long distances, but there is so much slide rock and scrub oak lui tin- hill- 
sides that the thin calcareous beds are entirely covered over. Tbu'^, il i-* [in.-siMc 
that either or each of these limestones may be represented by the iliin scimis nf 
limestone that cross the summit of Clipper Peak at no givat distjHice, Tlic hMicr 
range from 1 to 6 feet in thickness and can not be traced beyond the immeiliiiic crest , 
where the cover of loose material is small. 

The maximum thickness of the Tilden limestone is about ]fl() IVei, nl n poiiu 
north of Highland Boy mine. This thickness is maintained easlwm'd, \vllli -lii:lil 
loss, to a point where the limestone is cut off by the Carr Fork I'auh, like ilie iwi 
preceding fonnations. The Phoenix hmestone has a maxiuiuin lliickm— ni" ;iliniit 
300 feet southeast of the Petro mine. Eastward this diminishes rapid U .mi ilmi I he 
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formation is barely recognizable where it crosses Carr Fork. Westward it can be 
traced to Sap Gulch, where it is lost in the talus. The alterations and secondary 
deposits in these formations are precisely the same in character and origin as those 
in the limestones already described. 

Other limestone lentils. — The succession of limestone beds which begins with the 
Highland Boy is continued above the Petro limestone by many small layers. These 
are in no case large enough to be shown on the scale of the map, although locally, as 
in the case of the limestone in the York mine, they gain importance from the ore 
deposits which they contain. Nor is it possible to trace them for any considerable 
distance with certainty. Like the larger limestones in the same areas, these are in 
many places altered from their original form. The changes were usually those of 
silicification, however, and the beds did not take the form of marble. 

In a distance of a mile, from Markham Peak southward to Sap Gulch, there are 
at least a dozen separate layers composed either of pure blue limestone or liighly 
calcareous sandstone. wSmall limestone layers that occupy the same general position 
in the quartzites are found on all the slopes at the head of Pine Canyon and in Mark- 
ham and Freeman gulches. Beds similar in character, and possibly in position, 
appear on the eastern slopes of Dry Fork. These appear to extend into the limestone 
series at the heads of Pine Canyon and Markham Gulch. The existence of this group, 
just above both the Yampa limestone and the Commercial limestone at West Moun- 
tain placer in the same relation, is an additional reason for correlating these two 
limestones, as already discussed. If this is the true relation, then a number of 
thin limestones that are found above the Commercial limestone in the Fortune 
and adjacent mines would also fall into this upper group. 

Another group of thin limestone layers is found much lower down in the Bingham 
quartzite. They outcrop along the slopes of Butterfield Canyon, Yosemite Gulch, 
and Lenox Gulch, below the Jordan limestone, and are usually less than 10 feet thick, 
some being mere seams. In these layers the Badger, Cliicago, and other mines have 
been opened. Silicification was very active in these beds and replaced their calcium 
carbonate by beds of chert of a dark-blue or black color. Such replacements are 
the rule, except in Butterfield Canyon, where large monzonite bodies are distant and 
alteration was less active. 

It is probable that no one of these beds is of great extent, but that they are ali 
of the lenticular type, as are those m the larger formations, where the facts can 
be determined. 

Recent deposits. — Gravels and sands of four distinct kinds are found in the 
Bingham district and the adjoining regions. The latest are the gravel deposits which 
form the flood plains of the present streams, and wliich are even now in process of 
construction and alteration. Every cloud-burst and freshet carries downstream a 



part of this mat«rial, depoHitiog it here and cutting it away there. Tliese deposits 
are mere narrow strips aud are confined to that portion of the stream valley which is 
actually reached by the running water at one time or another. 

Of similar nature, hut somewhat earlier in date, are the gravels, sands, and clays 
that form the surface of the desert valley for a mile or two out fi-om the foot of the 
mountains. These are of somewhat higher elevation than the flood-plain gravels, 
and extend for short distances up the principal gulches in the form of terraces. At 
one time they no doubt extended as far up the gulches as the present gravels, but 
the narrow strip which they formed has almost all been cut out. These gravels 
were deposited by running water in situations where the grade did not give power 
enough to move the waste farther. As the amount of water and the grades of the 
stream graduaUj' lessened away from the mountains, the deposited waste became 
finer and finer, so that gravels were deposited at the mountain border at the same 
time that clays were laid down farther out in the valley. Both north and south of 
Bingham Creek, along the borders of the desert valley, the beds of desert gravels lie 
at considerable angles and are far from being in a uniform plane. In general I hey 
are higher on the divides between the principal drainage fines, as would be expected 
in the case of water-laid deposits. 

After the period of reduction that produced the desert gravels, stream tutting 
became active again; the streams wore their channels deeper, and the ronni'idciinsiis 
were left in terraces and thin sheets between the renewed courses of ihc sircamr^. 
Tills process has gone so far that the rock underlying the graVels is bjdii^lit In view 
on practically all of the streams within a mile of the mountain border. 

The reason for this second cuttijig is not certain. Two causes iiii;:lit luivc inii- 
tributed to the result. By an increase of the rainfall the streams would liavi' ;:nitn'd 
volume and power and would have been able to transport the waste over llniii'r 
grades. Thus, starting from the same point in the valley, the new stream nii.t 
would be successively deeper upstream. This would adequately explain ll'e rcncwul, 
The present situation might also have been caused by an uplifl of the roiriou which 
was greater in the mountain section. This result would have been arc<i]iipli>hril 
either by a slight folding and warping or by movements along a series of fimlt planc^. 
That either of these was the active cause of the renewal of slicuni ciiitiiit: (In' 
evidence is insufficient tfl decide, More weight is given to tiic theory .•( luuli 
movements, however, by the variety of elevation of the high-level •:r!lv^'l^ and I lie 
discordance of their slopes with the present stream grades. Half ti niilc iibuvr llu- 
mouth of Carr Fork, for instance, a considerable terrace deposit lii'w Ufiuiv lint, 
while the creek has a considerable fall. The gravels below Iliglilumi Uo\ iniin- 
show the same feature, wliile posite is true near Lead Mine, Nonniilly, Hir 

deposits near Lead Mine, being larther downstream, should lie ul lnwcr im^'li'v. 
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The grades of the different terraces do not fall into any system, Uke those of the 
flood plains. The terrace gravels now rest at grades somewhat steeper than those of 
the corresponding gravels that are now" forming on the flood plains. This is best 
shown in the terraces that extend from the desert gravels up the north side of the 
canyon to a point near West Mountain placer. At that point the tops of the ter- 
race and the flood-plain gravels are 60 feet apart verticall}^, while less than a mile 
downstream they coalesce and form one continuous sheet. On the other hand; 
where the creek emerges upon the desert valley near Lead Mine the desert gravel 
sheets form terraces along the creek like those farther upstream, but much higher 
above the flood plain. These appear to slope somew^hat more rapidly than the flood 
plain, and lie at different heights on opposite sides of the creek, although the opposing 
terraces appear to be the same in ever}- respect but that of altitude. Since each 
terrace, on its side of the creek, represents the period of cutting preceding that which 
formed the present flood plain, they were presumably made at the same time. 
The difference in height is, however, more than should be expected in such a short 
distance between the original stream bed and the divides of adjacent valleys. The 
most probable explanation is that a fault passes down the valley of the creek in a 
direction a little south of east, along wliich the formations were upthrown on the 
south. Similar gravel-capped terraces extend fip the main creek above Bingham 
Canyon. At the forks of the creek they are 50 feet higher than the present flood 
plain, but the tw^o come together half a mile upstream. 

In Bear Gulch, above Telegraph mine, there is an extensive gravel deposit which 
has not yet been invaded by the recent stream cutting (see PI. XLIV). The grade 
of this gravel bed is considerably less than that of those found in other and similar 
portions of the headwaters, although the creek flows over practically the same forma- 
tions. At Telegraph mine, just below this deposit, the creek falls rapidly and its back- 
ward cutting is at a maximum. It is possible that this deposit is of a local nature 
and has always stood at a considerable height above the rest of the headwaters. A 
sufficient reason for this may be found in the barrier of quartzite just above Tele- 
graph mine. In this place the natural durability of the quartzite is reenforced. 
Oxidation of the sulphides has set free iron oxides and hydrates and recemented the 
jointed and broken quartzites so effectively that they form a definite barrier. The 
westward extension of this barrier in cliffs is seen in PI. XLIV. That this has been 
in existence for a long time is proved by the shape of the gravel deposits, which con- 
tract downstream to that point. 

No history so clear can be deduced for the similar deposits above the mouth of 
Carr Fork, although there is a noticeable contraction of the canyon above the forks 
of the creek, and the jointed quartzites are more or less recemented by iron oxide. 
While there are enough resemblances in the two situations to suggest a similar origin, 
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it can not be said tlial the case is made out for either Iheorj' of tl>e renewal of stream 
cutting. 

Gravels of the same origin as thtae of Bear Cnilch are fuund in many other 
guJches within the dislriet, hut ai-e conspicuous only in Pine Canyon and Dry Fork. 
They are of praciaely the Name origin aa the flood-plain gravels, for they occupy 
planation slopes at the bottoms of the canyons and differ from the gravels of the flood 
plains only in the higher grades at which they lie. In the upper parts of the gulches 
they have been left untouched by recent stream cutting, and they correspond m 
time of formation to the high-level gravels and terraces, The slope of these gravel 
deposits increases in a steady curve toward their heads. In practically all of the 
planation slopes the grade is too steep and the (low of water too swift to permit the 
a^^cunmlation of fine materials, such as auriferous sand. The only respect in which 
these planation deposits differ from the usual deposits at the heads of gulches is in 
their width. Most of the gulches have V-shaped bottoms with almost no develop- 
ment of the flood plain. In Pine Canyon, however, the planation slope has a fairly 
constant width of 400 feet, and sections across the slope at any point arc nearly 
hurizontal for that distance. This slope also resembles thoso in Bear Gulch, whiih 
curve upward toward its head, but have a much smaller actual lise. They are the 
results of the same process, differing merely in degree as the local conditions vary. 

The gravels thus formed, both at high and low levels, are composed exclusively 
of local materials. These consist almost entirely of the harder portions of the nicks, 
the (]uartzite, chert, and monzonite. The softer portions, such as sandy sjiale, 
argdlaceous sandstone, limestone, and marble, do not survive the violent wear lo 
which they are subjected in the stream beds. The limestone and marble iragmcnls 
travel down the slopes scarcely even as far as the streams before being worn to 
powder. 

Many streaks of auriferous gravel were deposited with both high- ami luw-lc'vcl, 
terrace, and flood-plain gravels. By the oxidation of the sulphide ores, (hi' pilil 
was freed and carried downstream with the other heavy and dtiralile mBtciiiils, 
Placers have been operated at various times in Bear Gulch, in the li-rraces ubovi' 
Bingham, and at West Mountain placer, the gravels thus representing ihi' lii;;|[- 
level, terrace, and flood-plain types. The Bear Gulch gravels are above imy inn- 
aiderable mass of sulphides, and seem to indicate small ore bodies that tii>' nmn' 
richly auriferous than any now seen. Near Bingham the gravels mid pay muuL- 
accumulate from both the Old Jordan, \iagara, and Telegriiph anws. wlicii' rbc 
o.vidized sulphides have been found to be rich in gold. The cuttings iniir Hiiii:l]jim 
expose an old stream channel filled with gravel and abandoned liiiiini; tli" \nt>-r 
cutting of am. can be seen for aconceiitmlinii of lT"!'! »<. 

the West a iters the main creek iinTiicdiiih-lv u\n,\<- 
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the placer and may have contributed to the gold content of the gravels where its 
grades were lessened. This supposition, however, is not supported b}' any evidence. 

What appears to be another class of gravel deposits is the series of ferruginous 
conglomerates found along the higher branches of Bingham (Veek. These are 
conspicuously displayed at various points near Old Jordan and Niagara mines and 
between Upper Bingham and the lower part of Bingham. On Can* Fork, also, in the 
vicinity of Highland Boy mine, they are ecjually prominent. The general appearance 
and the horizontal attitude of these beds are exhibited in PI. XII, and a specimen 
of the rocks composing them is shown in PI. XIV, B, They consist of fragments of 
quartzite a few inches in diameter cemented by brown hematite and limonite and 
little, if any, rounded. The layers of coarse and fine quartzite pebbles are preserved 
by the cement just as they were deposited. 

Deposits of this kind follow the streams closely, being seldom more than 20 feet 
above the water level. Those on Carr Fork, below the Highland Boy mine, are 
slightly higher. No gravels of the present flood plains seem to have been thus 
recemented. The ferruginous conglomerates are developed along streams that 
drain large areas of sulphide-bearing limestones, but they are not confined to the 
immediate vicinity of the limestones. The}^ are even more prominent half a mile 
below the Telegraph mine, for instance, where the country rock is monzonite, than 
they are near the Umestone bodies. Naturally, however, the ferruginous material 
would work downstream from its source and collect at favorable points. The con- 
ditions favoring the formation of these deposits seem to have been the existence of 
large bodies of sulphide ores and a considerable slackening of the stream grades. 
Above the large limestone bodies there are none of these conglomerates, nor are any 
formed in the steeper gulches or on the hillsides of the limestone areas. They are 
equally absent from the limestone areas where there is no considerable body of 
sulphides. Where the grades slacken materially the conglomerates first appear and 
extend for considerable distance^5 downstream. They are not seen, however, below 
the junction of Carr Fork and Bingham Creek, or in any localities more remote from 
the principal sulphide bodies. 

These conglomerates strongly resemble the gossans which mark the outcrop of 
the sulphide masses. In the gossans, however, the hydrates have not been trans- 
ported far from the sulphides, nor have they any association with the stream beds. 
The conglomerates resemble even more strongly the ferruginous breccias formed in 
the quartzite along the lines of the mineralized fissures. The cjuartzite fragments 
of each kind are angular, and the cementing material is the same and is derived from 
the same source. The fissure breccias, however, usually form vertical sheets, while 
the conglomerates are nearly horizontal. The fissure breccias are found at all eleva- 
tions, cutting straight across the steepest slopes and bearing no relation to the drain- 
10556— No. 38-05 J 



fige lines. The fissure breccias, also, are widely distriljuted tliroughout the entire 
mining district and not limited to.small strips along the streams near the lai^e sul- 
phide bodies. The ferruginous conglomerates contain a very much greater anmuut 
of iron hydrates, being inure like the gossans in that respect. Near Old Jordan the 
two are strongly contracted, in the gossan along the Galena fissure, just above the 
Old Jordan mind (in the foreground uf PI. XXXVIII), and the ferniginous con- 
glomerate immediately below it. On the summits of the ridges north asd south of 
the mine is seen the third kind, the fissure hreccia. h 

lOXEOtrS HOCKS. ^H 

Cutting through or resting upon the Carhonifepons strata of this region are 
found many igneous i-ocks. These are i»f two classes, intrusive and extrusive. 
The rocks of the former class appear as munzonites and allied rocks, breaking 
through and metamorphosing the strata of the mountains. Those of the latter 
class are andesite and allied porphyries, which border the mountains and "Hour 
the desert under a variable cover of recent gravels. The mouzonites were formed 
^ at considerable depths ami under great pressure; the andesiles were poured fmtli 
upon a preexisting surface. The interval of time between them is unknown, but 
probably was great enough to permit the present larger topographic feattircs lo 
be carved, so that they controlled the form of tht andesite flows. 

MomotiHf and ntomoniU-porphyni.— This is the largest ronnaliun in the 
Bingbam district except the Bingham quartzite. It forms iimiiy \nr<if und .•;mall 
irregular bodies in the mountains lying east and northeast of West Mountnin. 
in a group about t mile wide and 4 miles long. The two largest are tjml which 
lies at the heads of Carr Fork and of Bingham Canyon and that whicli ivaches 
from Highland" Boy to Upper Bingham. Most of the monzonitc botiies urc con- 
nected with one another at the surface. They are alsti more conmtoii in ilm U,\\cv 
part of tlie Bingham quartaite and may unite at considerable deplli. 

The nionzonites are in all cases intrusive into the .sedimcniary strain, und 
the usual contact phenomena of intrusive bodies accompany tlu'm. Whetlicr 
tlie intrusion occurred prior to or after the folding can not lie detenniiii-d in this 
region. In many cases sills of the monzonite lie between the ticdiiiiemiu-v hmi^. 
tdted at the same angle and as if by the same process. Tlicy nmy havi> hccn 
intruded into the quartzites and limestones at a nmcli later period, hmu'vcr', iind 
have simply followed the stratification planes. The usual contaci dI' iIh' imni- 
zonite is extremely irregular, and may vaiy within a very Mhurt (li-liiini- liuiii ,i 
course that is parallel to the beds to one that lies directly ncross ilii<iii. Nn |in-i. 
tion can be assumed to be the tvpe or the rule, and accordingly it i-~ iimI ("i— -ililc 
to determine ;e s with reference to the I'lhliiiL' Tin' (ii'i> 

in other regi .,iay it this question. 
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The monzonites are exceptionally irregular in form, and, as regards structure, 
fall into two classes — (1) masses that break irregularl}' across the strata, and 
(2) sills that lie for the most part parallel to the strata and between them. The 
latter are comparatively thin, but their outcrops can be traced for long distances. 
The intrusive masses of the former class have great breadth and thickness as well 
as length, and clearly have displaced large masses of the older quartzites and 
limestones. The ^monzonites have a decided family resemblance throughout the 
region; and, although they show local changes, they are probably variations of 
one magma. Two general lithologic varieties are seen. The principal o^e is 
typified by the great masses between Carr Fork and Bingham Canyon and con- 
sists of a massive holocrystalline rock of medium grain and dark color. The other 
appears in many of the smaller dikes and sills, as at the Fortune and Zelnora mines, 
and consists of a coarsely porphyritic rock of gray color. The latter are directly 
connected with the former at the surface and in the same rock mass. Between 
these two extremes there are sundry faciea of texture. 

The monzonite is usually a dark, gray, brown, or black rock, whose surfaces 
weather gray or rusty brown. The gray aspect is due to the feldspar, especially 
in the porphyritic varieties, and increases with the amount of that mineral, while 
the darker colors are caused by the biotite, hornblende, and augite. A rusty 
and brown appearance is often caused by the oxidation of the iron-bearing miner- 
als, while decomposition of the feldspars in other places gives a whitish surface 
to the rock. The monzonite is composed principally of feldspar, with biotite, 
hornblende, augite, and quartz. All of these may appear in one rock, or the feld- 
spars may occur with any combination of the others. As a rule^ the orthoclase 
feldspars are numerous; in places, however, plagioclase feldspar prevails and the 
rock has a dioritic facies. Quartz is rarely seen in the hand specimen, but appears 
frequently in the thin section. It varies considerably in amount, and in places 
its quantity is sufficient to give the rock a decided resemblance to granite. In 
the porphyritic varieties small, corroded phenocrysts of quartz are sometimes 
to be seen. Usually, however, quartz is not a prominent constituent of the rock. 
Besides the principal constituents, feldspar, biotite, hornblende, and augite, and 
the minerals of the metalliferous deposits, there are few coarse minerals to be seen 
in the monzonite. Magnetite, pyrite, and chalcopyrite are found in small grains 
and are widely distributed through the rock. One or more of them is found in 
every thin section. Epidote appears here and there, but very sparingly. A 
little secondary calcite, chlorite, and nuiscovite are also found. The composition 
of the rock is simple, and practically all of the minerals are visible to the eye in 
one place or another. Its analysis is gjven on page 17S. 

In the monzonite-porphyry two generations of minerals are found — (1) the 
porphyritic, in crystals from one-eighth to one-half mch long, and (2) the ground- 
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mass, of ;^iiul&r uature, in wliich the crystuls range from one-eighth of an inch 
down to lutci'Oiicopic size. Feldspar and liiotite ni-e the minerals which usually 
compose the pheiiocrj'sts. Pyroxene is much ll^S8 ttommon than the otlier miner- 
als, either in the phenocrvsts or in tlie groundmasa. One section shows pheno- 
crj'sts of qimrtz, which are very uncommon. Plionocrysts of orthoclase (PI. IX, ^1) 
are conspicuous in the porphyry north of the Fortune mine. In the groundmass, 
however, both orthocltisu and plagioclase feldspars are usuftlly present. Por- 
phvritic biotile characterhies tlie bodies of the formation south of Telegrapli and 
Niagara mines. This variety of tlie nionzonite-porphyrj- is also marked by u 
very fine grain, most of tlie minerals being of microscopic size. Ttiis rock wlien 
fresh is of Hght-gray color, and underground it is verj- difficult to distinguish it 
from the quartiut« and the cherty marble. On the surface, also, the same dilfi- 
culty is encountered, for tlie porphyry weathers in fine, structureless fragments 
that are remarkably like tlie limestone and quartzite. In PI. IX, B, showing a 
specimen of weathered nionzonite-porphyry, is seen the extent to which the appcai- 
ance of the rock is changed. It very closely resembles the weathered siliceous 
marble and quartzite, and only by the more or less bleached crystals of fiiutitc 
can the porphyrj' be distinguished from the other rocks. 

The fiue-giained monzonite is not confined to the. two localities iibovi' incn- 
tioned, but is often to be seen near the contact of the monzonite witli the <illier 
lormations. in the smaller intrusive bodiea. and even in the large mai-^ses (PI. X, A). 
The smaller portions are not always characterized by this fine giaiii. however, 
but frequently are composed of mtinzonite-porphyry of coarser grain than lliat 
seen in some of the largest masses. The great body of monzmiiU' surrounding 
the Last Chance mme, for instance, contains no rock so ooar.se a^ that uhiih is 
found in the narrow sill that passes through the Fortune mieir (PI. IX. .H nr ils 
that which appears in one or two of the narrow dikes at the heail uT Ciur Fnrk 
and Tooele Canyon. In a general way, however, it seems clear llml llie runim- 
tion is coarser in the eastern bodies. The average ;ii)i>rjininri' nf thi' lock i- illit-- 
trated in PI. IX, B, which represents a sample from the Old .Itnihui iiijik'. 

The variations in the thickness of the monzonite masses are cxlreme, iis niiyhi 
be expected fi-om its nature. Many of the minor dikes mid .-^iltM me le.<s than :i 
foot thick, while around Last Chance is exposed a mass a mile lunt.'. a lialf mile 
wide, and at least a tliousaud feet deep. -Vround I ppi'i- Binybam i- a Imdy nlilii- 
litrly great. Tliat these figures represent the original size of ihi- nion/.nniic Mia<:-c> 
is not at all certain. Faults aw numerous, and by theru llu' nriijiiiai tliii'Uiii-.>. 
may have been either increased or decreased. There are ('ihilii1i-> jmni |iliiiii^, 
slight motions along which are also caj>able of distorting llie original (iniv- 

When due allowance is for later changes in size, it i> I'lrai iIkjI iIh' iiinli- 

zonite was forced into the ocdiment!* in greiit bulk. Thi^ iici'i--Hiiii'd rl<ii[i;;fs 
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of corresponding magnitude in the quartzites and limestones. The conditions 
which controlled the intrusion of the monzonite are rather obscure. It has angular 
areas, but it is extensively faulted, so that its present outlines are due in part to 
faulting. In many places, howevei , where there is no indication of faulting, the 
monzonite outlines are equally angular. They were due, therefore, to some initial 
weakness in the quartzite. A quartzite bed when strained was most likely either 
to part along the sedimentar}' planes or to break across them at wide angles. Thus; 
when the quartzites were forced apart there was in them a general tendency to 
open for the entrance of the monzonite either along the strata or abruptly across 
them. From this would ensue much of the extreme irregularity of outline shown 
by the monzonite. 

The disruption of the quartzite and the advance of the monzonite was accom- 
panied by the production here and there of breccias of the two. As a rule the break 
was rather clean and the two formations now adjoin each other along sharply defined 
planes. Breccias of this kind, while they are in no way conspicuous, are most com- 
mon in the eastern part of the district. As is to be expected from the great bulk of 
the quartzite, most of the breccias are composed of monzonite a^d quartzite. Marble 
or limestone is rarely associated in that way with monzonite. The fragments are 
measured by inches and seldom exceed a foot in diameter, and those of quartzite 
are more numerous than the others. 

Fragments of other rocks are also found included in the monzonite, far from 
its visible borders. Possibly fragments of the sediments were swept upward by the 
moving mass into its upper portions, which now have been removed by erosion. A 
fact supporting that supposition is the appearance southeast of the Telegraph mine of 
homblende-diorite fragments within the monzonite. No areas of this diorite occur 
at the surface in this region, so the fragments have been brought up from below. 
On the other hand, in the small dikes where the upper parts of the intrusive are 
now seen there are practically no fragments. 

The intrusive masses were, of course, much hotter than the sedimentary strata 
and would cause sudden expansion of the sediments near the contact. This would 
tend to shatter the strata and produce, breccias. The fragments so formed were 
cooler and perhaps denser than the monzonite, and thus tended to sink through it 
until they were equally hot. In this way as fast as they were formed the breccias 
may have been taken into the intrusive body. The transmission of heat in rocks 
is very slow, so that ample time would have been allowed for the removal of the 
fragments. 

A process of this nature, which has been termed ^^magmatic stoping," would 
account in considerable measure for the apparent disappearance of large quantities 
of the sedimentary rocks where the greatest intrusions of monzonite took place. 
Around the larger areas of the monzonite the sediments do not seem to have been 



dislocated by rnnounts e<iiial to the mass of the monKoiiite, nor are tlip <)uantities 
of visible breccias in auy way commensurate with the forfo which must have been 
applied or with the rigid nature of the (juartzite. By the continuance of such a 
process largo amounts of the sediuientarj- strata could have been replaced by mon- 
zonite without great dislocation. Some such supposition seems desirable to account 
for the facts. It is not, however, supported by the existence in the larger masses 
of monzonite of proportionate quantities of included fragments. It is possible that 
erosion has not laid i>are those portions of the monzonite where the inclusions were 
numerous. It is also possible that the included fragments were rendered fluid and 
absorbed into the monzonite itself. No partly absorlied fragments were observed, 
however. 

Certain other features of the intrusiou are adverse to the theory of ' ' stopiiig.' ' 
Most of the inclusions of {|uartzit« and limestone are small fragments, a few inches 
or less in diameter. Some, however, are ven.^ lai^. beuig 1100 or 400 feet in length 
and far separated from their parent masses. They are oriented in various djiec- 
tions, just as if they had been poised or lloated. This apparent hydrostatic cqui- 
hbrium explains the seeming ease with which the givat masses of quartzile and 
hmestone were forced apart yet at the same time held in the same general jiositions 
throughout. That the monzonite was thoroughly fluid seems clear from the extreme 
thiimess of many of its layers. Fractures were formed, of course, or the intnisive 
rock could not have entered, but they appear to have been speedily filled by the 
intrusive, with little displacement of the masses as a whole. It is dilDcult. therefore, 
to reconcile this apparent flotation with the sinking required by magmatic sloping, 

The monzonite has been ntuch less altered in composition than the liniestone- 
quartzite series. It shared, of course, in the faulting of the regidii, ns i.s abundantly 
shown on the ground by the offsets, straight-cut contacts, and breccias. >h'tanuir- 
phism like that in the sediments, due to contact with the monzonite, of imirse did 
..not affect the latter. -AJl changes that could have been wrought by the licat which 
it possessed had been already accomplished. Its minerals were formed nnijer great 
heat and pressure, conditions which were changed by the inlriision only near (lie 
contacts. Nor is there visible much alteration of the monxonite friim coniricl 
reactions. It has the usual finer grain in that situation and in uildiliiin ii mure 
siliceous composition. This alteration is of the same class as ihi- Hiliccoiis altcralicm 
of the sediments. Doubtless it is due to the circulation of the saiiie silii-ti-lienring 
waters that affected the quartzites and limestones near the eontiiei-, h U lu'irc 
prominent in the finer varieties of the monzonite, but that is ]ier]iii|H iliir In ilir I'iiel 
that these finer varieties are also mure common near the contact?-. 1''ihiIu'I' nileJ'n- 
tions took place at various later dules. These are discussed iiiidei' ilic liending 
"Metamorphism" (p. 62), and are mainly of the nature of niiniTiiiijuiiiuii near 
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Andesite and ande^ite-porphyry. — The second or desert group of igneous rocks 
in this district lies east of the Ocjuirrh Mountains and consists of andesite, andesite- 
porphyry, and andesitic breccia. These rocks abut against the Carboniferous 
quartzites and limestones of the mountains and are there exposed in considerable 
bodies. Andesite appears also for a mile or more from the foot of the mountains 
wherever the streams have cut through the thin cover of Quaternary gravels. It 
is, therefore, probable that a large part of the Salt Lake Valley along the mountain 
border is also underlain by andesitic rocks. South of Butterfield Canyon, also, in 
the cross range which separates the valleys of Great Salt Lake and l^tah Lake, an 
immense body •f andesite and andesitic breccia is seen, apparently the continuation 
of that which is exposed at intervals in the desert lying farther north. 

Most of the formation consists of massive or porphyritic andesites. Large 
masses of the breccia are seen, however, in the exposures near the ()(|uirrh Moun- 
tains. The rock of the andesite group seems to have been deposited as an overflow 
upon an existing surface. Its contact with the Carboniferous rocks is almost inva- 
riably covered with loose ([uartzite wash, so that its exact nature has not been deter- 
mined. At certain points, for instance, near Dalton and Lark mine, it appears to 
cut across the edges of the (juartzite like a dike. Half a mile farther north a similar 
but less definite arrangement is seen. Usually, however, the andesitic rocks occupy 
low ground around and between the quartzites, as if deposited in previously formed 
hollows. Possibly the mass at the Dalton and Lark mine occupies one of the vents 
through which came the bulk of the formation. It is e(|ualh^ possible that the 
visible arrangement is due to subse(|uent faulting. 

The andesites are usually fine- or medium-grained rocks of dark color. Exposure 
and disintegration produce a light- or dark -gray color through the alteration of the 
feldspars. In most places the rock has a porphyritic habit. While this is seldom 
conspicuous, occasionally the phenocrysts are coarse and large, as, for instance, ono- 
half mile northeast and east of Fortune mine. 

The principal minerals of the andesite are plagioclase feldspar, green horn- 
blende, augite, and biotite. Besides these there are small amounts of cjuartz, 
orthoclase, magnetite, pyrite, and chlorite. Of these minerals the plagioclase, 
hornblende, and augite appear as phenocrysts. The feldspar usually forms stubby 
crystals. In one instance the crystals are slim, with a somewhat ophitic structure. 
The hornblende and augite form irregular and patchy crystals. The same minerals 
appear in the groundmass in very fine grains and crystals. Chemical examination 
indicates an approach to latite in composition. 

Portions of the formation consist of andesite fragments, less than a foot in 
diameter, embedded in a matrix of andesite. The fragments are of about the same 
composition as the matrix and probably result from the partial solidification and 
breaking up of the lava as it flowed, in this respect they differ little from some of 



the monzaniUi contact breccias, but are (|uitB unlike other breccias "shown in thp 
mountains, where the inonzonito was cruBhed by fatiltirtf^ movements that took 
place long after its intrusion. 

Ill the vicinity of Lead Mine one of these breccias rests upon a. surface of decayed 
andesitf and soil. From this it is evident that one brecciated flow followed an 
interval of exposure to erosion. The lapse of time shown thereby was probably 
nut great. In PI. XI the horizontal arrangement and coarse texture of the brecfias 
are shown. Apparently they conform nearly to the present surface and have not 
been greatly eroded since their formation. Thus ia furnished a probability of their 
recent origin. On the other hand, tbey have probably been displaced by faults. 
as was suggested under the heading "Recent deposits" (p. 45), It can only be 
delinitelj- stated, therefore, that they are (he youngest of the consolidated forniatioiis. 

STRUCTURE. 

Tbe different kinds of structure shown in this region include folds, faults, 
fissure.^, joints, and possibly a small amount of dynamic metamorpbism. The 
most important of these are the folds and faults. The folds are of large dimensions 
and their axes pitch toward the northwest. The principal outlines of the fornialioiis 
are due to the folds, which cur^'e the strata in broad, sweeping bands, the genernl 
coui-sc of each formation being a quarter circle that passes eastward through east- 
erly, northeasterly, and northerly courses. Faults are found in t;rejil numbers 
wherever the formations are distinctive enough to show displacements, imd undoubi- 
edty many more occur which can not be detected. Their general eirecl llll^ lutii 
to chop up into sections the already warped strata. 

Folds. — The folds exhibited are of two kinds, broad open llcxurcs ulio^i' di|)s 
persist for miles, and small rolls, whose dimensions are measured li\ u d-w liiiiAilH'cd 
feet. Of the former class only one appears within the Binghatn di-^niii ;i >\ n- 
clinal fold whose axis passes in a northwest direction just below tlir mniuh ol <'iiir 
Fork. On the southwest side of the axis the rocks <lip towaril ilie nmlli mid nn 
the northeast side they dip toward the west. Thus, they constiliile n fold vsliiili 
pitches toward the northwest and brings to the surface succes.-iively y<iiingei' lied.-i 
in that direction. On account of this pitch the oldest CarbonifiToUf; slniin •>( ilie 
district, which appear in Butterfield Canyon, are not exhibited in nti\ mlitr |i;iri 
of the district, but are overlain elsewhere by the youngtu- quart/ili's and tiiiii'sii.in'^ 
in the order of their deposition. Thus, the youngest rocks .sbiiwn widiiii ilif uri'ii 
of the map are those appearing north and northeast nf Markliuin \'--\\k. Thv 
syncline which passes near Carr Fork might well he ciilleii llie rtiii;:liitiii sviirlinr. 
The anticline corresponding to it is seen in the upper part nf Umifi liiH.I CaiiMin 
just outside of the area shown on the accompanying map. Thi- Im- ihr >;ir;ip 
riirlhwestward pitch, so that the formations on its west siilc di|i ii|i|iii)VMn,iii'ly 
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westward and parallel the line of the Oqiiirrh Mountains from Butterfield Canyon 
southward. Similar large folds characterize the Oquirrh Mountains tliroughout 
their extent, and their axes have approximately the same northwestern trend 
and pit<5h. These folds were produced during the first known deformation of the 
region, by compression in a northeast-southwest direction. By them the uplift 
of the region was initiated and to them is due the greater part of the actual uplift. 

The folds of the second order, which are recognized in the different mines 
under the term ' ^rolls/ ' are not so clearly of this origin. They seldom affect the 
outcrop of the formations, but have been observed in several mines in working 
out the ore bodies and the contacts of limestone and quartzit^. They are local 
warpings in a general plane of dip rather than well-defined folds with dips in oppo- 
site directions. The dips, which are reversed or contrary to the prevailing dip 
in the locality, are usually very sUght and hardly more than flat. In the Niagaitt 
mine a roll has been worked out along an ore body. The average dip in the locality 
is 30° to the north, but for a width of a few feet north and south of the roll this is 
replaced by a light, nearly flat dip to the south. 

These minor folds appear to be somewhat complicated by faults and are 
associated with them. It is possible that they are in part due to dislocation 
along fault planes. As the different blocks of the earth's crust moved past 
one another they were undoubtedly more or less dragged, one upon the other. 
Unless the faults were absolutely parallel in plane, when motion took place there 
would be a certain amount of wedging together and compression of some of the 
fault blocks. This might readily have caused local folds of this order. That 
such is the case, however, can not be definitely stated. 

Faults. — The second and most obvious result of deformation in this region 
is the system of faults that cut across the formations, causing offsets in the lines 
of outcrop. These are of all grades of magnitude, ranging from breaks that have a 
throw of 800 feet down to miniature displacements a few inches in extent. Where 
the formations adjoining the plane of fracture are not visibly offset past each other 
the break is not called a fault, although it may have the same nature and origin 
as those on which the great offsets took place. These minor displacements have 
the magnitude and appearance of joint planes, except that they are more con- 
tinuous in extent and more regular in attitude. 

As a rule the plane of the fault is a clean-cut break that is attended by very 
little local disturbance of the adjoining strata. In a few places there is to be seen 
a slight bending of the adjoining strata due to friction and to dragging of the 
displaced masses. Somewhat more common than this feature are breccias of the 
ground-up strata due to the same friction. In the fault planes which can be seen 
the breccias seldom extend more than a few inches away from the fault. In places, 



however, there arc vt-ry extensive breccias; for instance, ttlon^ the divide between 
Bingham Canyon and Butterfield Canyon, where the mass of shattered rocks is 
many yards thick. Strictly speaking, these are the result not of single fault pliines, 
but of fault zones composed of many planes. 

The brettcias consist in the main of quartzite fragments of different sizes, 
rangint; from small grams up to fragments 6 and s inches long. Since the great 
bulk of the rot;ks in the region is qiiartzite. the bi-Bcciaa are composed mainly of 
quarizite. ttHiere quartzite and limestone adjoin along the fault plane, the lime- 
stone is more thoroughly ground up and forms a matrix between the quartzite 
fragments. Where monzonite and quartzite adjoin, the quartzit« still predomi- 
nates, with a matrix and n few large fragments of monzonite. Breccias made 
up entirely of monzonite are common, but as a rule they are the pn>duct of brec- 
ciation of the formations during the monzonite intrusion. In some cases, where 
a fault can be defined with monzonite on each sidj. there are breccias that iire 
formed etilirely of that rock. The wame can be said of the cases where a fault 
passes through limestone. Here, however, the brecciation is less obvious because 
the materials have been recrystallized and cemented into a more homogeneou.'i 
mass, so that in the Iime»t4>ne breccias tlie difference between matrix and frag- 
ments is not so great as in other breccias. The limestone, also, outcrops less on 
the surface and its breccias ai-e rarely to be seen except in the underground workinjss. 

The faults cut the different strata at many angles, usually steep, and over flO°, 
They stand in all positions with reference to the Binsbam sjTicIinal a\']> itiid >.hinv 
no relation to it. They are limited to no one direction, although Jiin>.t oi' ilu-iri 
have a north-south course. The group having this course is best mIihwh between 
Old Jordan and Telegraph mines. Those which have no apparent system are 
to be seen in the Stewart mine and vicinity, whose bl(«ks of limesionc arc faulted 
into the quartzite in the most puzzling manner. 

There is nothing in the composition and attitude of tlic sinitn iln-n^elvep 
that would cause these faults. Accxirdingly, the faults were pnaiured by .•iunii' 
cause outside of the beds. From a study of the strata and their .structure [n the 
areas around the fault planes it is clear that the beds Bn<l (lie deposits do luil change 
materially in composition or attitude for considerable depths below ilie siiifmi' at 
Telegraph mine. Therefore the cause which produced the biulis rtmsi bavr lain 
below this zone of uniform structure, and the faults thcnisclvi-v inu>r \n- e(|iia!ly 
deep seated. In this way minimum depths of 1,.500 to I^.Ond feci bilp" i hr -iirfaie 
can be predicted for the fault planes. The full depth to whiili ihf inuU |iliiiii-; 
extend is involved in theorj*. In certain cases where the t"pi'i:ri\jihy and tiiiih 
plane have the right relation to each other a considerable yerticnl i'\ivni inn be 
determined. Southwest of Telegraph mine fault planes can he nb-riMi! |i;i— mi: 
from the gidcb to the crest of the ridge for vertical distance-- mI " '*■ ■ > 
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Underground workings of the Telegraph mine also extend the known depth of the 
fault planes by several hundred feet more. In the vicinity of the Highland Boy 
mine the topographic relief is somewhat stronger and somewhat greater. Height 
and depth of the fault planes are shown thereby. 

The faults intersect both the sediments and the monzonite and are younger 
than either. Some sUght evidence as to their age can be obtained from the physiog- 
raphy also. From the shape of the surface and the entire absence of fault scarps 
it can be argued that the faults are not recent. Along some faults west of Old 
Jordan and Telegraph mines the quartzite stands up above the limestone; along 
others there is no relief. The effect which the faults produce upon the topography 
can be attributed entirelv to the different solubilitv of quartzite and limestone. It 
is true that the highly jointed character of the quartzites would prevent the fault 
scarps from persisting unless they happened to be mineralized. This was locally 
the case in the Bingham quartzite, and the fault zone itself stands up instead of the 
adjoining rocks. (See PI. XIII.) Just west of Highland Boy tl;e footwall of the 
Yampa^limestone is offset by a fault, and makes an apparent scarp. This, however, 
is prominent mereh" because it is mineralized and more resistant than the adjacent 
jointed quartzites. After making due allowance for this, however, it is clear that 
the faults are not verv recent. Beyond this fact and the certaintv that the faults 
are later than the monzonite intrusion, no evidence of their age can be found in this 
limited area. 

Unlike the system of folds, the faults give no evidence that they were caused 
by lateral compression of the eartlvs surface. Their planes are vertical or very 
steep, and the motion up or down along the breaks does not presuppose any general 
shortening of the earth's crust. Local shortening and compression may have taken 
place in connection with the minor rolls, as already stated, but there is no adequate 
evidence of either a general shortening or a general lengthening of the earth's crust 
when the faults were formed. The immediate cause of the faulting can not be 
stated with certainty. The faults were, of course, forced upon the Bingham strata 
by rocks which were stronger than they were and which were under great strain. 
This strain was satisfied by the yielding and breaking of the formations along their 
weakest planes. These planes could have been developed in a vertical direction 
across the strata onlv near bodies of rocks which were vertical in their trend. Since, 
therefore, such bodies are neither shown here at the surface nor likely to exist beneath 
these slightly folded visible strata, it is probable that the breaks were initiated 
in some crystalline or igneous rocks that lay below the* sedimentary strata. To 
try to analyze the causes of the faults in this region further than this would be mere 
speculation. 

Fissures. — It is probable that the faults, which have great or little throw, and 
the vertical fissures, which have little or no tlu*ow, are formed in the same wav. 
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Tlioir differences are of dt^gree and not of kind, and all are nearly vertical tuts or 
breaks tlirougli strata that lie at all unfiles. Similar ranges in depth may, therefure, 
be assigned to the fissures and to the faults. This statement implies not that the 
faults and fissures were produced at the same time, but that tliey were due to the 
same causes, operating witli different degrees of intensity. It is quite likely, how- 
ever, that some fissures were produced at the same time b» the faults, both foniiing 
parts of a single aeries. The fissures were doubtless produced at different dates, for 
the reason that some are highly mineralized and some are mere barren cracks, while 
on^ may contain different minerals from another close at hand. The presence or 
absence of the secondary minerals probably might, indicate merely that one lissnre 
was more favorably situated than another for the passage of the mineralizing agents. 
The difference in the character of the solutions which circulated through the same 
rocks and which deposited different minerals, would imply thai there were diffei-ent 
periods of fracturing and of ore deposition. There is nothing in the arrangement of 
the fissures, however, to uphold this. Tlie mineralized set are not grouped in one 
predominant direction which differs from that of the barren set. In fact, bnlli 
systems are found closely adjoining or even alternating, with the same trend. 

As has already been stated, the dominant fissures have a roughly noilli- 
erly course. They are not by any means limited to that course, however, but 
extend in all directions. In this respect they have a much greater range rlian 
the faults. Even in the northerly direction which prevails there is a variation of 
10° or 20° in each direction from the north. A typical north-south fi.-isure is ilu* 
Giant Chief, which passes through the Telegraph mine. Equally jinmuneni if< the 
Galena fissure, in the Old Jordan mine, whose direction is ulioiil \. tid" K. The ' 
steep or vertical dips which characterize the fissures are illustrated in thr plinio- 
graph of the Galena fissure which is reproduced in PI. XXVIII, /?. hi pliici's ilic 
dip of a fissure is as low as 45°, but this is exceptional. Botli thi' di|i kikI ilu' 
course of a single fissure may vary 10° or 15° from place to [ilitce or iiniy reiiLiiiii 
constant for long distances. 

The fissures are distributed very generally throiiglioDt llif ri-^rinii mikI in'' lur 
more numerous than those breaks which distinctly offset tlie runiunjuiis ilu- I'inihs, 
Even (hose which are considered as single fissures arc often coiii|>oseil of ii f:rou|t i.-ee 
PI. XXVIII, B). While it 18 probable that the faults are Liiiich more mimcrous 
than is indicated on the map, on account of the diliiculty nt delecting' iliein wliei'e 
they lie wholly in one formation, it is still certain that the (i>siire~ niiitiiiniber die 
faults many times. Underground workings, where m<tst of the lai'l- inn lie M'en. 
exhibit a score or more of fissures to one fault. It is true tlinl I line i- :i -miill dis- 
placement on many of these fissures, so that they are really suinll ImilK, Inn in ilie 
majority of cases there is none of note. This great difference in Iniiiieni \ ieinrru 
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the fissures and faults might perhaps be considered an indication of a difference in 
origin. Such a difference is not probable, however, except in respect to time. The 
prevailing direction of the fissures coincides with the trend of the Oquii*rh Mountains. 
It is also the same as the line between the mountains and desert valleys in this 
locality. These coincidences, however, are probably merely fortuitous, and do not 
indicate that the phenomena noted have a common cause. Since there is little or 
no displacement on the fissures, they could not have affected the altitudes of the 
mountain mass or the desert areas materially. Nor would their influence be great 
through erosion of the surface, for they are not sufficiently numerous to break up the 
strata along any given lines. In this respect their influence is far exceeded by the 
joints. 

Joints. — In the description of the individual formations frequent mention was 
made of the joint planes. These are extremely common in the Bingham district 
and, in fact, are to be observed in great numbers in every outcrop. They intersect 
the rock at a great many angles, ranging from horizontal to vertical and occur at 
intervals of a few inches. Through them the rock breaks up and is removed by 
erosion, rather than by the ordinary means of disintegration along the bedding 
planes. While it is always possible to find one or two sets of prevailing joints in ^ny 
locality, the joints are not all included in these sets, but run at a great many angles. 
Nor do these sets extend for any considerable distance, but entirely different systems 
may prevail a quarter of a mile from each other. That the folded structure has no 
relation whatever to the attitude of the joints is clear, because the dips may 
be precisely the same in two localities where the joint systems are wholly diverse. 
Nor is there any greater correspondence between the joints and the fault and fissure 
systems than there is between the joints and the dips. In short, the joints seem to 
have been developed entirely regardless of the folds, faults, and fissures, and at a 
considerably later period. The joints have not the simplicity of the faults and folds. 
The latter were formed in obedience to forces acting most powerfully in one direction, 
as can be inferred from the fact that the results have a single predominant form in 
each case. The faults are more complex than the folds, but still are simple in com- 
parison with the joints, for one general direction or system prevails in a given area. 
The fissures are still more complex, yet they have systems over limited areas. Both 
faults and fissures give evidence of rather uniform pressures when they were pro- 
duced. The joints, however, are so variable and so complex that one must infer 
great local variety or perhaps reversal in the conditions that produced them. 

In the folds and faults the strength of the rock and the weight of the masses 
oi strata were entirely overcome. In the joints, on the contrary, there is no evi- 
dence of any but the slightest displacement or change in the form of the rock. 
The joints are sharp, clean cuts, or planes along which the rock has a tendency 



to part. Where tlio i-ock is fresh the parting is not alwaj-s actual, and the different 
portions of the mass are frequently firmly joined together. Under the action of 
surface waters and weathering th« joints become more and more visible, and finally 
the portions of the rock thus divided by joints are entirely separated into loose piles 
of angular fragments. Such displacement as is sometimes 8e«n in the joint planes 
is small- It is not even necessarily true that this was produced when the joint 
planes were. It might easily be true that later movements took place along the 
joints, simply following the line of least resistance. This is clearly the case in 
many joint planes whose surfaces show slickensides. By the arrangement of the 
striations on the alickensideB the direction of the motion can be determined, and 
variety of motion is thus disclosed. As the j"ielding to pressure differed greatly, 
it is accordingly hkely that the direction of the pressure itself varied. As to 
the cause of the pressure and the manner in which it became efficient much might 
be said. It would, however, be of a merely theoreticaly nature, and would be 
supported by insuilicient evidence in this region. 

MBTAHORPHISM. ^M 

TYPES OP ALTERATION. M 

The foregoing alterations, due to the folding, the monzonite intrusion. Ihc 
faults, and the fissures, were all of a structural nature and mainly Hficcted tlie 
form and position of the strata. Other alterations, which are of greater impor- 
tance in their effects upon the region as a mining district, are those of a mineral- 
ogical nature, consisting of replacements of and additions to the mineriils of llie 
rocks. These changes were not prtiduced to an appreciable dej^ee by Ihc I'lildinji 
or faulting. The monzonite intrusion, however, was a most eflicieiit aj:(>iii-\' of 
metamorphiam. and by it, either primarily or secondarily, the limestone was sihci- 
fied, altered to marble, or replaced by new minerals. These jjllerations may luivc 
resulted either from the direct heat and pressure along ihp conliu'ts oT the Jiilnid- 
ing ma-sses, from the vapora and gases arising from the heali'd iinnizuiiiic, ur fn.in 
mineralized waters circulating tki-ough the intrusive nick. Whci'c urn- |iriici->s 
ended and another began it is difficult to say, and it is more ihan lik<'l\ ihnr till 
were active together. 

Another class of alterations is associated with the fissures whicli inlfi'MTi ilu' 
different formations. The monzonite had solidified befon' it \mi^ i iii \n \\n' 
fissures, hence they were of later date. They produced only sli^'lii <li-|il)ii nni'iii. 
of the adjacent formations, and probably were not attended by inmli MlU'ruiimi 
of the strata except close at hand. Alterations near them Mere iimiTih uf ii min- 
eralogical nature, and thr« bably by aqueous solutioiiti. \\civ frurncd 

deposits of ore. Not all ■ «ere mineralized, nor were lln-s nil .>!' iho 
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same age, for many of them cut ore ])odies that had been formed in previous fissures. 
As the rocks now stand after the difl'erent alterations there are a great number 
of Uthologic varieties to be seen. Some of these bear scant resemblance to the 
original; others show only slight change. 

ALTERATIONS OF MONZOXITE. 

The reactions effected upon the monzonite by its contact with the other rocks 
have been stated in detail in the description of that formation and are very slight. 
The relations of the minerals to one another were already established, and the loss 
of heat at the contacts simply checked further changes. Mineralization in connec- 
tion w^ith fissures was active in the monzonite, however, though to a less extent 
than in the sedimentary rocks. The arrangement of the mineralized fissures is 
very far from simple. As in the other rocks, one or two sets of fissures prevail 
for a limited area, being suj)planted in other areas by different sets. Most of the 
mineralized fissures have dips about vertical, and in this respect they resemble 
the faults. With some exceptions, there seem to have been along these fissures 
no important deposits in the monzonite, such as took place in the quartzites and 
limestones. Apparently the fissures were for the most part merely the channels 
for circulating waters, and th(» minerals in solution proceeded from the monzonite 
bodies into the quartzites and limestont^s. It is ])ossible, however, that the min- 
erals came from some source beyond and below the intrusive mass and were not 
deposited in the latter because its mineral constitution was l(»ss favorable to replace- 
ments than the limestones. Whatever the source of the new minerals, no devel- 
opment of them took place in the monzonite at all comparable with that in the 
limestone. 

The total mineralization of the monzonite by the various agents seems to have 
been much less than that of the (juartzite and limestone which inclose it. The 
reason for this along the contacts has been discussed under the heading ''Mon- 
zonite,'' page 50. Its importance in oiher places may be due to either of two 
reasons: 

(1) The minerals of the monzonite may have been less susceptible to dis- 
solving and recrystallizing agents than tho>e of the sedimentary' rocks. This is 
undoubtedly true when comparison is nuule with the limestones. In the case 
of the quartzites, however, it is j)r()bable that the differences would be slight. 
The same minerals, when exposed to extreme metamorphism in similar rocks of 
other regions, appear to have* yielded more than the very siliceous minerals, such 
as make up the quartzite. According! v, it does n(U seem that the scanty min- 
eralization of the monzonite is due alone to its original composition. 

(2) A second rea.son might be that the* mineralizing sulutions proceeded 
from the monzonite into the adjacent nx-ks, bearing matter from the former and 



dopositinj; it in the oilier formations. The metiiniorjihistn is vlcarly greater aa 
■the monzonite is approached from any part of the swiiineuts, so thiit its cause 
is as dearly eoniiwlotl wilh the monzonite. rndergiound waters an? prewont in 
prartically all Bedimentaey rot-ks. Ilealet] ya'Pf^ must, therefore, have been 
prodiiectl by the monzonit^ muHses — hodio« no hot as to lie fluid. The dillerence 
ill deiwity between the cool and hot wutera would necessarily have set up a cireu- 
lation. llu' hot eurrent« passing up and away from the monzonite. Tlie iTiferenee, 
therefore, seems warranted that lieated watt^rs, the active inineralizinf; agents, 
passed from the monzonite into ihe quartzite and Umeetone. Since the various 
sulphides are decomposed even at surfaw> teiujwratures, they are relatively unata- 
lile. It is therefore highly probable that changes in the heat of the sohuions 
would involve them in e\ten8ive reactions. Where the watci's were cooled, as in 
pH.'Vjing through the sediments, part of the dissolved material must have been 
laid down. 

There ia thus a strong probability that ores were deposited in the adjoining 
strata soon after the intrusion of the monzonite. Inasmuch, however, as ore 
deposits are found which are far later than the intrusion, the probability is ctpiully 
great that there are two groups of ore deposits, one formed soon after the monzonilu 
intrusion, another after the folding, faulting, and fissuring took phue. Since the 
(insures were later than the monzonite by at least the time needed lor ua solidifi- 
cation and folding, the ore bodies formed through the Bsaures arc mucli later tlian 
the alterations Iiy the mouawnito intrusion. That none of the ore bodies eauie 
from direct metamorphiam by the monzonite, but all tlu-uugh lissures, is not 
at all likely. It is probalile that some of the lissun>d and di.-ipluced ore bodies 
were of the earlier class. It is also certain that some bodies lyiiij.' close to eiich oilier 
were formed by different solutions and at diffen'nl times, hccnusc ilu'ii- miiiciiil 
contents differ so widely from one another. It may well tnivc been lliiil ilic L'lcut 
oi-e bodies were formed during the tirst mineratiitalion, and ihat dMrin>; ilic ^e(■^nd 
the existing bodies were enriched and new oni-s were lornied. To diU'eniiciN •<! 
ibis nature maybe due the abi;Mpt variations in value nf ilie diirciviu ore bi.du>s 
inul the predominance of one metal, cither, gold, .siher. or copper, in one body 
over another, or one part of a hoiiy over another. 

It is not clear wliether the stdphide material in (he inin-ialii^cii Imdii'- \mih 
derived from the monzonite or came through it in solution I'roni sn|[i.' rrnini.' >,puicc. 
If the solutions merely passed through, however, a. genenil liiimsiiinii i liiii(i:;|i,iiii 

the mass of the inoniMniitc would be less likely than loeul cmccnin ^. -m l> u^ 

appear in the limestone and quartzite. Far the greater part of ibc miI|iIiIiI<' hiuieiinl 
is disseminated through the monzonite in grains, and was ery-.uilli/i'il iIimtiIi rcom 
the nia^ma. like the other minerals. The amount of tlie .sulphides mi iIic nn'Jty.otiiie 
as a whole is va.itly greater than that in I. be scdini<Miis, and llie iie'n,'.i<oiie i> on 
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the whole a source of the sulphides that is both probable and adjacent to the 
secondary deposits. It seems, therefore, most likely that the sulphide minerals in 
the lunestones and quartzites were derived from the larger quantity of their kind 
which formed part of the intrusive mass and that they were deposited by solutions 
that passed from the monzonite into the inclosing strata. The limestones were 
most susceptible to mineralogical alterations and accordingly received by far the 
greater amount of the added minerals. 

ALTERATIONS OF QUARTZITE. 

The chief alteration in the Bingham quartzite was a silicification of the sand- 
stone into quartzite. Much of this was the result of contact metamorphism by 
the monzonite. Not all was of this kind, however, for some of the later mineralizing 
solutions silicified the deposits through which they passed. Moreover, the sandy 
strata were silicified into quartzites lar beyond the region of the monzonite intrusion. 
However, the greater prominence of the silicification near the monzonite shows that 
much of it was due to the presence of the intrusive bodies. 

In the quartzites the result of the process was to recement the original sand 
grains by a matrix of new quartz. This was so thorough that a fracture of the rock 
passes through the quartz grains, instead of around them in the matrix. A glassy 
or vitreous aspect was also produced in many portions of the rock. Under the 
microscope the original grains of quartz sand, surrounded by the interlocking growth 
of new quartz, can readily be seer. That part of the silicification which can be 
attributed to contact action near the j)orphyry may have been produced by means 
of heated solutions or vapors. In areas remote from the porphyry no such local 
cause can be assigned. The phenomena are broad and general and due to an equally 
widespread cause. Such could have been only the gc«ieral circulation of under- 
ground waters. These may have been slightly acidified near bodies of sulphides 
and thus have taken up silica in solution without great increase of temperature. 

Other changes of mineral composition accomplished by aqueous solutions are 
exhibited in the metalliferous deposits. These are considered at length in succeed- 
ing chapters. They consist in the main of sulphides carrying copper and gold. 
Most of the early exploitations were for gold. The importance and the amount of 
these ores in the quartzites is very much less than those of similar ores in the lime- 
stone formations. 

Where the dissolving waters come in contact with mineral deposits and pass 
upw^ard, some of the mineral contents are redeposited from the solutions, most com- 
monly as oxides and carbonates. Tlie iron oxide and hydrate in particular recement 
the fragments of the quartzite (see PI. XIV, -4), whether they were produced as fault 
breccias or by the weathering of the rock. Instances of these recemented breccias 
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arc everywhere to be seen. PI. XIII is reproduced from a photograph of a charac- 
teristif outcrop soutli of Oid Jordan mine. Since the faults that produced the 
breccias entirely separated the rock masses, and extend verticalh' to considerable 
depths, they are the most direct and continuous planes betwe-on the surface and 
the interior, and thus form natural channels for the passage of solutions. The 
more or less open nature of the breccias themselves also would facilitate such passage. 
In the above illustration the vertical nature of the channels appears in the vertical 
cemented mass. The faults have a tendency to parallelism in the same region, so 
that the lines of receniented breccias follow rudely parallel courses. This in jjlainly 
to be seen at the heads of the gulclies south of Old Jordan. 

A somewhat similar structure appears in the various foot walls which under- 
lie the limestone beds. In these situations the passage of the underground waters 
was guided by differences in the texture of the rocks themselves. The frequent 
mineral deposits in the limestones furnished ready material for deposition in the 
quartzites near the surface. Accordingly the foot walls stand out in more or less 
continuous and conspicuous ledges instead of breaking down by weathfiinf; 
along the joints. In PI. XLIV, from a photograph of the foot wall at the Brooklyn 
mine, an average example ia shown. Some of the foot walls on Can- Fork are nmrc 
conspicuous than this, while, on the other hand, many foot walls are no mnre 
prominent than other portions of the quartzite. In certain jiinces the hanging,' 
wall received the recementing material instead of the foot wall, and tluis hcciimi' 
the prominent layer. 

F LIMESTONE. 



Alterations in the limestones may be grouped into three main classes : ( 1 ) Keci'ys- 
tallization of existing materials, in the limestone; (2) silicificalion of llio iimestonu 
with a corresponding loss of lime; (3) removal of carbonate of lime aiul sub.stiTutioii 
of other minerals, chiefly sulphides. The alterations that fall inio I'liisscti 2 and :{ 
are alike the results of chemical removal and replacement, but their products dilTer 
so much in appearance and value that they are separately classed. Tin- dircrt 
cause of alterations of classes 1 and 2 by the monzonite contacts is very cieiir ujmn 
the ground. In no case is the alteration noticeable for more ihnn '4W) yanis away 
from an area of the monzonite, and even there the alteration a|)]itii'eiil at the siu'fiici' 
may have been due to monzonite under ground and nearer thnn any \\hich sliii\\s 
at the surface. This is especially true of the silicification of the liiiirstiiui' iiml nl' 
its recrystallization into marble. The ore bodies produced hy nlii'ijiiiinis iliai fall 
in class 3 exist at greater distances from the visible igneous budie?-. I'nr ilii> and 
other reasons already given a somewhat different and later gcnef.i>. iiia\ well br 
assigned to them. Their derivation from the monzonite scetiis cli>ar. Imni-vi-i-. 
Joints and fissures, which afford the opportunities for niineraiiyiiii.' :il'i'ui> m. [ui-.-, 
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are everywhere very common, but the mineralized regions adjoin the monzonites. 
If the source of the new minerals lay elsewhere than in the igneous rock the deposits 
of them would also be found remote from it. Since, therefore, the monzonite is 
intersected by joints and fissures and contains in itself the minerals which reappear 
in the ore deposits the origin of the ores seems reasonably certain. 

The recrystalUzation of the calcareous matter produced marble from lime- 
stone. The marble is marked by a somewhat coarser grain than the Umestone, 
although it is rather fine grained for that class of rock. The alteration is also 
attended by more or less change in color. The colors now found are usually white, 
and are in all cases hghter than those of the original limestone. Rarely a blue color 
is evenly distributed through the rock. Other colors, in the form of dark blue or 
gray bands alternating with white, are seen in some localities (see PI. XXVIII, A). 
The bands follow the original bedding planes, but their cause is not apparent. 
These bands are usually about an inch wide, the light and the dark areas being 
of about equal width. A modification of this form consists of a series of 
** more or less round white spots lying in dark or bluish areas (see PI. XV, -4) 

• 

A third and exceptional variety of banding appears in finely crinkled white and 
dark-blue layers about a quarter of an inch in width (see PI. XV, B). This arrange- 
ment has no apparent connection with the stratification. A fourth variety of 
coloring, often seen in the more siliceous marbles, consists of a series of spheroidal 
spots, an inch or less in diameter (see PI. VII, C). These are thickly scattered 
through the mass of the marble, but are not connected with any original structure. 
The spots are apparently feldspathic and slightly more siliceous than the body 
of the marble, and usually have one or more grains of pyrite at their centers. Since 
the spots appear to be limited to the weathered outcrops of the limestone, they 
seem to have been produced by recent chemical reactions around the pyrite grains. 

Of a nature intermediate between calcareous recrystallization and silici- 
fication is the formation of serpentine. This mineral is limited to the entirely 
marbleized limestones and appears partly as thin coatings in seams and partly 
disseminated through the marble. It probably represents the concentration of 
magnesia from the original rock and its union with the secondary silica. The 
amount of chemically combined water in it shows that free water was circulating 
at the time of its formation. 

The alterations of the second great class that have occurred in the hmestone 
have been accompUshed by silicification. This took place by solution of a portion 
of the Ume and its replacement by silica. Like the recrystallization of the lime- 
stone, its sihcification is most prominent near bodies of intrusive monzonite. The 
relation is so close and so prevalent that there is httle doubt that the monzonite 
itself was the cause of the alteration. Whether sihcification took place as the 



« 



direct effect of the heat of the igneous mass, or as a result of currents or vapors 
arising from it, can not be stated. It ia not likely, however, that the direct 
diffusion of heat was the cause, for, while this might have recrystallized existing 
minerals in the limestone, it could hardlj' have added new constituents, like the 
silica. Nor do observed contact alterations due to heat alone extend far, since 
rocks are poor and slow conductors of heat. 

Chemical reactions are vastly faciUtated and increased by beat, which may 
be applied cither by direct diffusion or by circulating waters or gases. Since the 
process of silicifi cation was connected with the intrusion of the monzonite, it must 
have been caused either directly or indirectly by its heat, or by the pressure uf 
its intrusion, which would of itself produce heat. The latter agent is also most 
efficient in increasing chemical reactions. \Vlicn the monzonite was forced into 
the other rocks, a tremendous pressure was exerted. This was not Umited to the 
contacts, however, but was transmitted tiu'ough the body of the rock for distanccH 
immensely greater than those which hmit the alterations. Since the iihserved 
effects were due to neither the direct heat nor the pres.sure alone, they must lie 
assigned to the heat indirectly applied tlirough solutions or vajwrs. These eoii- 
veyed the heat from the mass of the monzonite into the adjoining rocks, either agput 
being competent to produce the results observed. The agency which vcquins 
the lea.st extreme suppositious is the circulating water. Nevorttieless, it is readily 
to he understood that the heat of the monzonite would be suilicient lo ciuise cMin- 
sive vapors to be given out. 

The substitution of silica for the carbonate of calcium pnninre'l iiiiniy dis- 
tinct forms of rock. Commonly there has been a uniform iMldilioii <i\ niicii>Mii|iic 
particles which did not greatly alter the appearance of the mck. A [iiihIiuI of 
such a process appears in many of the white siliceous marbles, wliicli al lirsi >ii;lil 
seem to have been an original deposit intermediate between hnie^ilonc mid ipuirlzile. 
Of this kind are some of the marbles south of the Dalton and Lurk m'nw. I'l'odufts 
of the same kind, but more extreme, appear in this formatiuii neitr llie linuiklyn 
mine, and also in a. number of small beds of limestone in the vicinity of YoMTiiite 
Gulch. In the latter cases the substitution of the silica is iiciirls I'mLiplrtc, It 
is passible that the removal of the lime was greater in amount lliini iln' ii<li!iiti>ii 
of silica. That would account for the notable thtnninfr of Ibc fHniL.iiinii liinnnil 
the Brooklyn mine. On the other hand, in the case of tbi' smiilliT liiLLc-iniic hciU 
in the Bingham quartzite in the Yosemite and adjacent giii<lics. ilirrr i- im mn- 
siderable variation in thickness, and yet the lime is entirciy ri'plin'i'il In -iiira. 

These wholly silicified beds have a texture precisely liki' lb'' llmr-i v. jml ihc 

coloring matter seems to have been preserved. The blue nilnr i- n ii!ill\ iLirkcr 
than in the unaltered limestones, and in fact i.« frequently so itiii'ii-ilu it n-. m liriMnn' 
priictically black. 
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Silinification was active in the original siliceous parts of the formation, the 
chert, as well as in the calcareous layers. The unaltered chert, as has been stated, 
was black, gray, or black banded. In the altered portions the banding has dis- 
appeared. Some of the chert is still black, but most of it has taken on a decided 
light color. The precise cause of the change in color is not clear, but is probably 
a different optical arrangement of the siliceous matter. The recryscallized silica 
on fracture presents surfaces that are somewhat smooth and waxy as contrasted 
with the vitreous surfaces of the original. This is perhaps due to the extremely 
fine grain of the secondary quartz. In some cases a dark coloring matter, perhaps 
magnetite, was introduced with the silica. It gives a dark-blue or lolackish color 
to the chert and appears in spots and irregular patches that grade into the white 
or appear in separate areas (see PI. VII, B). Of a similar nature is the red jaspery 
chert, in which the color is produced by exceedingly fine grains of red hematite. 
Neither of these varieties of colored chert is common. The jaspery chert seems 
to grade into siUceous gossans, in cases where there is an excess of the iron con- 
stituent. This gradation is rather apparent than real, however, for the two are of 
entirely distinct origin. 

Another form of sUicification is the addition of silica in small separate bodies. 
The commonest product of this process is the vein cjuartz found sparingly in the mass 
of the limestone. This does not include the quartz that is associated with the 
metalliferous minerals. It takes the form of thin seams and veins, a fraction of an 
inch in thickness, irregularly disposed through the marble and cutting one another 
at various angles. Whether these were produced at the time of the other silicifica- 
tion or not is an open question. The shape taken by the veins suggests that they 
were controlled by existing joint planes during their formation. In that case, 
since the joints are much younger than the other structural features of the rock, a 
very late date should be assigned to this form of quartz. Of apparently similar origin 
are the patches and small masses of quartz which in weathered areas of the limestone 
have the appearance of honeycomb. The quartz in these veins passes in places into 
chalcedony, or amorphous silica. 

The third group of alteration products comprises the deposits of metalliferous 

minerals which, with various nonmetallic minerals, constitute the ore bodies. The 

great majority of these minerals are sulphides, preeminently of iron and copper. The 

present activity in this mining district is due to the occurrence of ores of copper. 

Associated with these are ores of gold, silver, and lead, whose exploitation gave the 
» 

first impetus to this place as a mining camp. These ores are developed in the 
liitiesLoue, (piartzite, and monzonite alike, but those of the limestone are more 
numerous and of far greater extent. The ore bodies replace the limestone in great, 
irregular masses, in lenticular shoots, in beds following the stratification more or 
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less closely, aud iu deposits following fissui'ea across the bedding. Between iheae 
types are fouud various gradutions. and one type may join another closely, or one 
may be developed from another. From a fissure deposit, for instance, a lens of ore 
may extend out along the bedding, or a heavy shoot may thin to a mere streak 
lying between beds. In size, the deposits varj" fi"oin hundreds of feet down to a 
few inches. The values of the ore bodies also vary inimensely, for some extensive 
bodies of pyrite arc nearly worthless, while some small bodies have proved to bo 
exceedingly Pndl. 
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main divide to Pine Canyon on the western slope. Bingham Canyon, with its trib- 
utaries, drains the central and more important portiuns. Butterfield Can^yon. the 




Fio. 1.— Indei map showing sHiialloii ol nlDplmm Canyon iind ann covirtil by lilmcliikni mljiInB map (Fl. XVI). 

next master canyon to the south, and several of its tributaries that extend down 
the eastern slope of the range, head within this area. Pine Canyon, the upper 
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and for vuluahlu pxporienoe in the study of rojiper de|iosil8, gained wliiU- ansisting 
him in 1901, at Morenci. Ariz. 

For cheiniciil aiialyiws, mineralogical dpt^niiiuatiuiis. assays, and spocial tests, 
thanks are appreciativply given to Dr. W. F. Hillebrand, Dr. E. T. Allen, and Dr. 
H. N. Stokea. 

The paleontologic studies that were required to determine the ages of the heda 
and to correlatt- nieml><'rs that are econoiuicaliy important have been made by Dr, 
G. H. Girty. During the fall of IWIO Doctor Girty also \Tsited this district, made 
special collections from important locaHties, uiid gave valuable practical suggi'st iuns. 

Throughout this work the owiiers. operatoi-s, and miners of the district liave 
manifested courteous good will and e.\tcnd('d most cordial cooi>eration. Admission 
was cheerfully granted to every pmperty and all necessary assistance was wiilingly 
rendered. Mere thanks for such generous aid aiii far inadequate. Though each 
interested party thus contributed all that was rnquired, the work was especially facili- 
tated l>y Messrs. A. V. Ilolden, managing director of the United States Minijig Com- 
pany, R. H. Channing, manager of the I'lah Consolidated (Highland Boy) Mining 
Coni[>any, Duncan MrVidiie and II. G.IIelfron, manager and trea.surer, respect ivdy. 
of the Bingham Gold and Copper Conqiany, SI. M. Johnson, managi'r of the Boston 
Consolidated Company, and E. A. Wall, owner of the Wall group, Mr, Kll.-iwurih 
Daggett, mining engineer, kindly supplied much valuable inforniatioii uboiii itii|nii- 
tant inaccessible properties and early historj'. The services of mining experts, 
superintendents, foremen, and other interested parties who as.sisteH itie writer are 
gralefuily appreciated. To each and all who have aided in this invotiguliini (he 
writer gladly gives due thanks and liopes they may recognize with -iiiisriiiii.ni linir 
respective contributions toward the attainment of that comiNuii goiil, ilic liuili, 

GENERAL SKETCH OF ECONOMIC GEOI.OGY. 

The Bingham mining district is the leading copjicr-produi'jng ■■iiiiip in I'luli, 
It is situated in the north-central part of the Stale (latitude I IJ'' '.*' S.. lonpiiidc 
40° 32' W.), in the Oquirrh Mountains, 20 miles soutliwest uf Sidi Lake City .-cc 
fig. 1). The main slopes of the Oquirrhs, rising steeply frum ('lc\'iiti(ins uf iilmnl 
5,000 feet on the surrounding desert to elevaliuiis i>f Mi,000 IVci nn llic tiiain divide, 
are deeply dissected by many narrow, steep-walled canyons. Toward the nc.rthern 
end of the range is a prominent canyon which follows a crescentic couise Tiorthcast- 
ward across its eastern slope and receives several tributary canyons from tlic west. 
Tliis is Bingham Canyon, which has given the name to the mining di-ittict. and it.s 
drainage basia embraces the principal mining locaUties which constiiuie iIk' Binir- 
ham district. 

This district includes an oblong area of about 24 square miles. »bir|i I'Meiids 
from the Jordan Valley on the east across the eastern slope of the r:[n;:e and the 
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has been cut out here by intrasivea. On the eastern slope of the range the ore 
bodies in these members have been exploited in the Brooklyn. Yoseniile, and 
Dalton and Lark group. 

In these localities each of these metamorphosed limestones contains lenses of 
valuable copper ore that He at different elevations within the limestone, roughly 
parallel to the beddijig, adjacent to fissures and intnisives. The ores which make 
up these lenses yield copper with accessory gold and silver. The richer ores iKcur 
within a distinct zone of sulphide enrichment and are composed chiefly of chal- 
cocite, black oxides of copper, chalcopyrite, and pyrite with a siliceous gnngue. 
In some of them tellurium is associated with the black sulphide, in one instance in 
considerable amount, with proportionately high values of gold and silver. The 
copper content in the average sulphide ores is low, ranging from 2} to 4i per cenl, 
with an approximate mean of between 3 and 4 per cent; but the accessorj- gold, 
averaging from 10 cent« to SI, and silver, averaging from 2 to 5 ounces, raises ihe 
total value of the ore per ton to a price ranging from $11 to $15 — well above the 
commercial limit. 

Persistent fissures which cut these limestones, the composite igneous and 
quartzite country rock immediately south, and calcareous shales intercalated wilh 
(luartzites to the north, yield rich argentiferous lead ores. These form only a inimir 
portion of the total output from this camp. In upper Bingham Canyon the Galena. 
Neptime, Ashland, Silver Shield, and several other fissures have iiccn profilaMy 
worked. In Muddy Fork the Last Chance, Nast, Ferguson, and Phucnix; in 
Markham Gulch the Montezuma and Juha Dean, and in lower Bingham ('iui\on 
the Winamuck have also yielded profits. A majority of the productive Iniio n-piid 
northeast -southwest and dip northwest. Both simple fissures and frmiurc ziiiii'.>i 
cut all rock types indiscriminately, and the included vcin.s and jodcf^ loiitinue 
from one type to another, u.sually enlarging notably between limestone «ii[iw. 
These ores are composed mainly of galena, some tetrahedrile, chaliop^Tiic, zinc 
blende, and pj-rile, with a gangue of quartz, calcit*, and some barite and rlimlo- 
chrosite. Their average content is approximately 4-^ per cent lead, 0,> ounces 
silver, small amounts of gold and copper, and 10 to 1p"j per leiit zinc. Zinc blende 
has not been successfully saved. Concentration of low-grade pyritic ore in itincous 
rock has recently been begun on a large scale at a reported profit. Placer niinintr, 
which was an important industi-j- in the early seventies, bus yieldfd m tulii! of 
about $1,.500,000; but, excepting a little intermittent gravel \Mif.liiiLt,' caili year, 
it has been abandoned. 



CHAPTER I. 

HISTORY AND DEVEL.OP3IENT.a 

GENERAL HISTORY. 

Mining industry in Utah. — The development of the mineral resources of Utah, 
which are now rapidly increasing in importance, was retarded by the early opposition 
of the Church of Latter-Day Saints. On arriving in the Jordan Valley in 1847, only 
a year before the discovery of placer gold in California, some of the saints were 
strongly tempted to continue their journey westward. The majority, however, 
chose to rest their settlement and development on an agricultural basis rather than 
to seek sudden wealth in mining. This early decision, wise as it was at its inception, 
and necessary as it was to the maintenance of their people, was adhered to so long 
and so strenuously as to react somewhat to their disadvantage before it was revoked 
in the early seventies. ''This opposition and the natural obstacles in the way of 
cheap mining, or of an economic reduction of the generally rather refractory ores, 
acted as an effectual bar to the development, or even the discovery of the mineral 
resources of the Territory in its early days.' ' 

The main factor initiating active prospecting and exploration of mineral 
resources was the energy and foresight of Gen. P. E. Connor. In 1862 he was 
stationed at Fort Douglas, Salt Lake City, in command of the Third California 
Infantry (Volunteers), a regiment largely recruited from experienced California 
prospectors and miners. It is said that General Connor believed that the solution 
of the Mormon question lay in immigration from outside. Accordingly he 
encouraged exploration for mineral in Utah, and freely gave furloughs to his miner 
soldiers to enable them to prospect. As a result, mineral was soon discovered at 
Bingham Canyon, at a point near the present town of Stockton, in Rush Valley, 
in Ophir Canyon, at Lewiston, and at other points in the Oquirrh Range, and in 
Little Cottonwood Canyon, in the Wasatch Range. Soon after this start was 
made, the opposition of Mormon authorities was removed, railway facilities were 
increased, and capital was attracted to Utah. 

a A brief sketch of Important developments which have occurred since the conclusion of field work and the preparation 
of this chapter is given under Addendum, p. 379. 

<> Emmons, S. F., Economic Geology of the Mercur mining district, Utah; Introduetion— The Oqulrrh Mountains: Six- 
teenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1895. p. 352. 
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Development has progressed steadily, subject to gpneral commercial tioiiditions, 
until tu-day tlic several mining districte. aided by exwilent natural conditions, are 
bringing Utah into creditable proniincnci? as a mining State. Her position is well 
indicated by tlm following table showing the rank of Utah in tlie attiial production 
of the several metals at decennial intervals: 
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Tlie recent growth of the mining industrj-in Utah has been strong and rapid. 
The value of her gold, silver, copper, and lead production in HIOU sliowed an increase 
over that of the preceding year amounting to 24.fi \tet cent. In l!lfl;t Utah runki'd 
fourth among the Stat*'s of the Union in the production of {roid and marly l.n.k 
the lead in the production of silver. 

Mining itidasfnj In thr Oqitirrh liangt.~T» this production. Mr, S. V. Knimons 
has shown that the mines of the Oqmrrh Range have contributed Iiirgely as follows: 

" If Tintic be considen^d as one of the Opiirrh Mountain districi-i Hn<l ■renlng- 
ically it undoubtedly should be^ — ^the mineral wealth of this range hii> iiroved ii.-i-lf 
of equal, if not of greater, importance than that of its fur greiilfi' iiti'^hlinr. the 
Wasatch Range, and together, at the present day, these funii>-h nvi'v mn-ihii'ds of 
the precious-metal product of the TemUiry. 

"If the metals are considered separately, it is to be noted thiit the tolul silver 
production of Utah for 18fl;i was about 0.3.58,(100 ounces, of which llu' Oi|iiiiiii 
districts produced 2.707.000 ounces, The total i^ld produition, on ihc nthcr hitml, 
for tlie same period was about 42,000 ounces, of which the ()<|uin'li disuiri?. 
produced 38.000 ounces. 

" In estimating the commercial value of this product of gohl at S20 per ounce ,\ nd 
silver at 73 cents per ounce the total value of the Oquirrh ores for 1 s 



while that of the ores from the rest of Utah was 12.745,230. so ihnt. t 
this way, the Oquirrh districts have furnished half the prccious-iiii'iul | 
Territory."" 

Mining industry in the Bingham disfricl. — The Binghiun Cnnyu 
the West Mountain mining district, is the moat prominent of ilic |ir.i< 
in the Oquirrh Range. In 1H94 it ranked second to Tiutic in Uu' 
value of its output of precious metals, and its output of lead wn^ utnr. 
that of all other camps in the range combined. Since thai diiir hiry' I 
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grade copper ore have been discovered and the camp has not only maintained its 
reputation as a rehable, steady producer of low-grade ore, but has taken the lead 
of all camps in Utah in the production of copper. 

HISTORY OF BINGHAM DISTRICT.'^ 

Early conditions. — Little has been recorded about the earliest history of the 
Bingham Canyon district. It was a heavily forested wilderness, known only to the 
hunter and the more hardy lumbermen and farmers. Red pine abounded, and single 
trees often measured 3 feet in diameter. A group of exceptionally sturdy trees, 
known as the '*Big Grove,'' gi*ew on the south slope of the main canyon, nearly 
opposite to the present site of the Old Jordan mine. In fact, in the opinion of 
Brigham Young and his hardy followers, the chief value of this locality lay in its 
timber. And it is said that when two wagon trains passed through vSalt Lake in 
1864, en route from Des Moines, Iowa, to a mining district in Idaho, with a sawmill 
and a stamp mill, the Mormon president entreat (»d the leaders to set up their saw- 
mill in Bingham Canyon and {)r()mised th(»m a re^dy market for their output. 

Discovery of ore. — Early in the fall of the year 1863, George B. Ogilvie, an 
apostate Mormon engaged in farming, found specim(»ns of '^mineral" in Bingham 
Canyon. He went to Camp Douglas and reported his discovery to the commanding 
general, P. E. (Connor. On September 17, 1863, the site of this discovery (see 
PI. XVII) was formally located as the West Jordan claim by the discoverer and 24 
others. This was the earliest mining location in the area now^ known as Utah. 
On the following day, September 18, the Vidette claim was located, about 300 feet 
above the West Jordan. 

Formation o} first mining district. — *^In December following, the first mining 
district in the territory was formed and named the 'West Mountain district.' It 
embraced the entire extent of the Oquirrh Range from Black Rock, at the southern 
end of Great Salt Lak(», to the fortieth {)arallel of latitude, the extreme south end of 
the range. * * * On the 11th of June following, at a miners' meeting held at 
the camp, the Rush Valley mining district was formed, embracing all the western 
slope of the Oquirrh Range, from its northern to its southern limits, the eastern side, 
sloping into Salt Lake Valley, retaining even to this day the original name of * West 
Mountain district. ' " '' 

Thus, as at present recognized, the West Mountain district embraces the 
eastern slope of the Oquirrh Range from Bhick Rock on the north to the Camp 
Floyd district on the south, and is limited on the west by the main divide of the 
range, and on the east by the Jordan Valley. 

" Since tho close of field work and the jiroparntion of this chaptor the ruining industry in Bingham has experienced 
rapid and important growth. Although this could not be personally investigated, it has been reported to the writer from 
various sources, and the more important events are briefly sketched in the Addendum, under the heading ' ' Recent dcvel- 

opmenta." 

6Murphy, J. R., Mineral Resources ol the Territory of Ttah, 1S72. p. 2. 

10556— No. 38-05 6 



Oihfr early Zocofwms,— Following thesa initial raovemeiits tlie locating con- 
tinued during the next spring; thus ground adjacent to the original discovery was 
taken up, as the Galena on January 26, 1S64, and the Empire on February 6, 1864. 
Other locations made during the same year were the Kaiigaton, in May; the Julia 
Dean, on May 22, and the Silver HUl, in July. The last two were located in 
Markham Gulcli, near its mouth, on the north side, and are indicative of the 
growth and extension of the interest in mining. Prospecting and locating were 
actively pursued for some time. 

Early development.— h\ 1864 the West Jordan Mining Company was organized 
under the laws of California, and the Jordan tunnel, t'stimated to cost S60 a foot, 
waa then started. Prospecting and exploration progressed rapidly, but onndilions 
were against development on an extensive scale. Although the showing of mineral 
was satisfactory, extensive exposures of galena outcropping near the Jordan 
diacoverj', etc., contrary infiuences appear to have offset these favorable ones. 
Without railroad or economical transportation, prices were extravagant; powder 
cost $100 a keg; a shovel cost $2.50- So in the face of ofTectua! influences of the 
Church of the Latter-Day Saints to prevent its brethren from engaging ui mining, 
and in the absence of proper machinery and capital, the developmenl of lode 
mines practicaUy ceased until the summer of 1870. Under these circumtances, 
the main profit is reported to have been reaped by the proprictoiT; of the 
"General Merchandise Store." which was then located near the piescul Jordan 
cyanide mill. Sufficient oif was taken out, however, to form ii li;isi< In]' furilier 
development. 

Rejrision of mining lnws.—In view of the fact that prevaiHup; uufavorahle 
conditions did not warrant immediate development and thai volunteer troops, 
including many of the most, active locators, were now to bo returned home and 
disbanded, it was desired to secure rights to claims until more prMmising con- 
ditions prevailed. Accordingly, "in the fall of 18(55, all the parties owning interests 
in the district convened a miners" meeting and revised their mining laws, so as to 
hold over their claims until the advent of the 'iron horse.' and thus pi-eserve to 
themselves the property of which they were the pioneer discoverers.'' ' 

At tliis meeting "the by-laws of the district were amended, iirid pmvei uas 
given to each locator to hold over his claim indefinitely im tiir riiiii|ilcii.>n uT u 
specified amount of work. A certificate of the performance uf ihiv wmk was 
given by the district recorder, whicii debarred the ground fnnii Iummi: iil'iiTuiirds 
located by anyone and preserved it inviolate to the origiiuil immi-i, ' 

These facts, together with the fact that some of these 'soldiir I'luiin.' ivcii-ih-d 
the limitations prescribed by the present law. have naturally h'd in ri>iii(i!(\ uiid 



a Murphy, J. K,, Mlnwsl RmourtM of the Ten 



HI8T0RY AND DEVELOPMENT. 88 

vigorous litigation. In fact, not until very recent years have the titles to some 
of these early claims been clearly established. 

Discovery of placer gold. — ^In many mining localities placer gold has led pros- 
pectors to its source, the metallic lodes. In Bingham, however, free gold waa 
not discovered until after the discovery and location of ore in place. It is reported 
that a party of old Californians, returning from Montana to pass the winter in 
Salt Lake City, .prospected the gravels in Bingham Canyon, in the early part of 
the year 1864, and found free gold. In the spring of 1865 gravel washing was 
actively taken up, and during the fall extensive lode mining was conducted with 
profit. It has been estimated that during the opening period of placer mining 
in this district up to 1871 about 81,000,000 in gold was recovered from gravels. 
The industry has gradually waned from that date to the present, except during 
a few intermittent periods of temporary lesumption. 

First shipment of ore. — During the period of temporary delay, while conditions 
more favorable to lode mining were awaitecf, ore was shipped from Bingham. 
Bancroft^ records that '^tlie first shipment of ore from Utah was a carload of 
copper ore from Bingham Canyon, hauled to Uintah, on the Union Pacific, and 
forwarded by Walker Brothers to Baltimore in June, 1868." The result of this 
experiment is not stated. 

Improved conditions; renewed dctivity.- In 1870 the change in the conditions 
which had formerly retarded development in Bingham was most marked. The 
Union and Central Pacific railroads, completed May 10, 1869, had been connected 
by the Utah Central with wSalt Lake City; soon after, in 1873, the railroad to 
Bingham' was completed. Transportation facilities were thus assured, and mining 
machinery, supplies, and output could be handled at rates which would permit 
active operations. The early opposition of the Mormon authorities to the entrance 
of their followers into mining occupations had gradually ceased. At the time of 
early mineral discoveries the church believed that it needed the efforts of all its 
saints in agriculture; ih reclaiming the desert; in establishing orchards, ranches, and 
dairies; in providing water supply; in short, in providing the absolute necessaries 
of life. Now, with that accomplished, with the treasury enriched through sales 
of their produce to early prospectors, with the prospect of increasing markets, 
and with a growing personal interest in the local mining industry, the Latter-Day 
Saints were encouraged to enter mining enterprises. Furthermore, metallurgical 
experiments conducted in Salt Lake City resulted in renewed confidence in ability 
to treat ores; and, finally, the location and very successful exploitation of the 
Emma mine at Alta, in the Little Cottonwood district, in the Wasatch, together 
¥dth the discovery of other successful properties in the adjoining regions, gave 
substantial inducement to capitalists. 

a Bancroft, H. H., History of Utah, p. 741. 



' BINGHAM MINING DlSTBtCT, UTAH. 

The cxjmbined effect of these favoring inBuenres upon mining interests in 
Bingham Canyon was to stimulate location anti exploitation. The period of inac- 
tivity that followed the loc&tion of the Spanish {January 6, 1865), the Winamiick 
(March 31, lS6fi), the Yosemite (January 3, 1866), and the Franklin (1866), with 
a few less important properties, now gave way to a period of renewed activity. In 
1870 many locations were made, including the Lead mine. Last Chance (October 1), 
Queen (Soptpmber 11), and Hidden Treasure (September). The next year wit- 
nessed an increased number, among which were the Orphan Boy (January l21i), Xo- 
You-Don't (March 3). Rough-and-Keady (March), Eagle Bird (April 2S), and 
Northern Light (June). Exploitation also progressed substantially. In 1870, after 
two years' development work and the expenditure of UIS.OOO. the placer gold which 
lay at the base of the gravels in the main canyon at the mouth of Carr Fork was 
successfully worked through a long drain tunnel. Early in the fall of that yeur 
the first really efficient and practical development of the mines of this district was 
commenced by Messrs. Bristol & D&ggett on the Spanish and Winamuck mines. 
A group of mines consisting of about nine claims, known later, after their sale tn lui 
English company, as the Utah Silver Mining Company, was also successfully uper- 
ated. In the summer of 1873 freight companies levied such high rates thai shiji- 
ping was temporarily abandoned, but the success attending the sniciting njxTiilions 
of Messrs. Bristol. Daggett & Btiel more than offset this inlliiencc. 

Epoch oj Ulul mining. — Many bodies of lead ore, mainly cHrlmnnic, were njieiifil 
and exploited, and on the Jordan and Galena the largest body of lnw-niiidc jirgm- 
tiferous lead ore then known in Utah was developed. The primipid -^hiiinu'nts 
were from the West Jordan, Spanish, Jordan, Ualenu, Xe]>tnne. Kcmptnii, iind 
Yosemite. Although this large and increasing output bmugiil Hinghiiin lo llie 
front as a producer of lead, it was a critical transitionMl cpocli in hi'r bi'-inry, fur 
the steady output was exhausting the lead carbonate ore and the iii'uhl.'iu nf roilm- 
ing sulphide ore awaited solution. Thus, in 1874, the Winnmuck. Nc|i!uiii', ICi'iiip- 
ton, Spanish, and Utah had passed through their carbonale /.fine into l.lic siil|.liiilcs 
and the Jordan and Galena were encountering considcnible .-.uliiliidc m-c. 'I'lif 
following year the Winamuck smelter shut down. 

Epoch of oxidised gold orf.— At several periods the gold remaining in llic ii|i|i(t 

oxidized portions of tlie shoots, which formed in the massive limestones, ha- 1 n 

experimentally worked. Lat« in the seventies and curly in the eighties, fnllmving 
the temporary exhaustion of lead carbonate bodies. speciiU iittctilion \\:i-. diniled 
to savhig this gold from its siliceous ganguo. By the dose of I wj i'.mit ^inniji niiils 
had been erected, one by the Stewart (20 stamps), one by the Stcw^iii \m J i HI 

stamps), and two by the Jordan (one of 10 stamps, the oiIut .if ilii ■.Ijmii|.s, ri--| ■ 

lively). Even as late as the middle of the next decade n hir<rr -iiini|i )iiill. wiili 
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cyanide plant, was erected at the Highland Boy mine for the treatment of its oxi- 
dized gold ores. Although reports of the successful results of these several mihing 
operations were given out, the opinion prevails that the saving was insufficient 
to warrant a continuance of operations. 

Continuution of lead mining.- While the carbonate bodies in the main canyon 
were being worked out, extensive shoots of lead carbonate were developed in But- 
terfield Canyon. In 1881 the mines of that locality were growing factors, and in 
1884 the Brooklyn, Lead, and Yosemite mines, all situated in an area of deep 
oxidation, headed the list of Bingham producers. An epoch of successful argen- 
tiferous lead minmg now ensued and a steady output from the large properties, 
augmented by that from a great number of small ones, was maintained until the 
early nineties. In 1891 and 1802, among 21 producing mines, the Old Jordan and 
Galena, Brooklyn, Highland, Telegraph, York, Petro, and Yosemite were the leading 
producers. From 1893 dates the decline of many silver-producing camps. The acts 
of the governor-general of India closing the Indian mints to the free coinage of 
silver (June 26, 1893) and of the United States Congress repealing the clause which 
provided for the purchase by the Government of the I'liited States of 4,500,000 fine 
ounces of silver a month, naturally dealt a serious blow to the silver-mining 
industrv and thus to Bingham Canvon. 

Epoch of copper mining. — Several alternatives for obtaining profits from the 
Bingham mines were tried with varying success. Thus an attempt to apply recent 
methods for extracting gold from refractory siliceous ores was made at the Highland 
Boy. A few years later the discovery of {)ay shoots of sulpliide copper ore at a 
time of strong demand for copper and the rise in market value of lead initiated a 
new era in the camp. Although sulphide copper ore had been known in Bingham 
for many years, it was not until December, 1S9(), when 5,000 tons were shipped in 
the course of developing the Highland Boy pro|)erty, that it was regarded as com- 
mercially valuable. On the contrary, discovery of copper-sulphide ore is said to 
have been regarded hitherto as an unfavorable indication and concealed. Hence- 
forth, the value being proved, ex})loration for copper proceeded actively md has 
been rewarded by the discovery of mimerous large shoots of low-grade copper ore. 

A new problem now confronted mine operators: Could the expense of mining 
and reduction be reduced sufficiently to work these low-grade copper ores at a 
profit? This has been solved (1) by reducing the expense of mining by consolidating 
many small adjoining properties under single management, and (2) by reducing the 
expense of reduction by estabUshing specially adapted modern smelters by indi- 
vidual companies. A large number of claims, including the Highland Boy, lying 
north of Carr Fork between Sap Gulch and Clipper Peak, were consolidated and 
purchased by the Utah Consolidated Mining Company in 1896. In May, 1899, this 



company completed a smelter of 250 Ions daily capacity, which in 1900 was enlarged 
to double the original capacity. In 1897 the Stewart No, 2, with adjacent claims, 
a large number of claims in lower Copper Center Gulch, and the body of intervening 
claims, were purchased and consolidated by the Uoiiton Ctmaolidated Mining Com- 
pany. It is exploring the ground underlying the rich gold ore bodies of the Stewart 
mines, and has conducted thorough experiments upon the copper-bearing porphyries 
of Copper Center Gulch. In March, 1899, the Old Jordan and Galena, Utah, Niagara 
(Spanish), and Old Telegraph mines, with intervening claims, were consolidated as 
the United States Mining Company. The search for copper ore on these properties 
has met with gratifying success, and plans have been drawn up and proposals are 
now under consideration for the erection of a smelter at Bingham Jimction. At 
about the same time the Commercial and adjoining claims to the northeast were 
consolidated as the Bingham Gold and Copper Mining Company. The property 
was thoroughly explored undei-ground from Biughum Uulch to Cop|>er Center Gulch. 
Large bodies of copper sulphide ore were proved, and a smelter has been erected. 

rROCESSEB OF MININU. 

In the Bingham district mineral has been found to In- widely distributed, in 
low values, and often in very favorable locations. Until recently it has been 
worked on a small scale by a lai^e number of separate parties, hence Bingham 
has been known as the "poor man's camp." The fact, however, that miners of 
this class have been able to wock at a profit has given the camp a n'[)iii)ition for 
steady output and thus attracted outside capital. Accordingly, (he hi^iltuy of its 
technical development is made up of two chapters, the early jicriod nf cliiap and 
primitive methods practiced on a small scale and the recent period of I'.xpciisivf und 
perfected methods practiced on an extensive scale. 

In the early development work high prices were a serious dniwhack. When 
powder cost $100 a keg and a shovel cost $2.50, the expensi' of driving iho ongirmi 
Jui'dan tunnel was $60 a foot. To-day, although [irii-es an- lowi-r and incthi>ds 
imprW'ed, extent and depth are counterbalancing factors of growing imiioriaiue. 

,I/*'rt(xi«o/('x;>/oTO(i(jn.^The method of exploring for ore bodies diiri'rsHcroi-ding 
to their manner of occurrence, whether in beds or fissures. Orc-bciiring beds ]mye 
been cipcned in two ways: (!) By series of tunnels liriven along the strike fnini 
points at different levels on the outcrop, with crosscuts to prove horizonml i-xieiit 
and inclines on the dip to prove extent in depth, or (2) by inclined shiift.-i sunk 
from the surface and lateral drifts driven at regular intervals in di-Mciil. The lormer 
offers advantages in accessibilitv, operation, and drainage, utid is i'<'i:iiliit'l\ inlnpn'd 
when the lode is suitably intersected by a gulch. Tlie workinj:.- ut th-' Ilighlund 
Boy, Old Jordan, and Old Telegraph mines have been nm in this ;.'('ii('imI tiiiirituT, 
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though they difTer in one respect. The connections in the Highland Boy are vertical 
winzes in the foot wall; those in th other two mines are usually inclines on the 
foot wall. The method of sinking on an ore-bearing bed, though more expensive 
and more inconvenient for operation and drainage, is adopted of necessity when 
exploration passes below the lowest surface drainage. It has been followed in 
the Brooklyn, Yosemite, Yosemite No. 2, and Dalton and Ijark. Ore-bearing 
fissures have been opened in a similar manner. When the fissure is very steeply 
inclined, as many in this district are, the tunnels or drifts, as the case may be, lie 
in the same vertical plane above and below one another and are connected by 
winzes in the lode. The method of opening an inclined fissure cut obliquely by 
a gulch is exhibited in the Winamuck; and that of a vertical fissure truncated 
transversely by a gulch, in the Jersey Blue. No clear case of sinking on a fissure 
similar to that of sinking on a bed, as in the Yosemite and Brooklyn, was noted. 

These methods, it may be said, have passed through two stages into a third. 
At first very conservative tunneling and some sinking was all that was attempted. 
As the surface ores became exhausted, workings were sunk deeper and deeper, until 
they were level with the lowest outlet tunnel to the surface. Lastly, short inclines 
and vertical shafts have been sunk below the outlet level and pumping has been 
commenced. This third stage has barely begun, however, and development in 
Bingham may still be considered shallow. The limit of this cheap method is nearly 
reached and the problem of deep mining confronts Bingham operators. Illustrative 
of the tunnel status, in which no working extends below the lowest tunnel level, the 
Butterfield tunnel (8,766 feet in length), the Queen tunnel (2,750 feet long), and the 
Highland Boy, Last Chance, and Nast mines may be cited. The initiation of 
deep mining is seen in the Brooklyn incline (1,450 feet); in the Yosemite and the 
Dalton and Lark (800 feet) ; in the Old Jordan, where the Jordan incline extends 
below the drain level to the 400- and 500-foot levels; in the Silver Shield, where a 
vertical shaft extends 110 feet below the tunnel level; and in the Montezuma, 
where a shaft extends about 100 feet below the lowest tunnel outlet. On the 
United States Mining Company's properties the deep-shaft mining will be tempo- 
rarily postponed by driving the low Evans tunnel, and could be still longer 
deferred by using the Franklin tunnel for a working tunnel. By the scheme advo- 
cated by the projectors of the Bingham tunnel this stage might be still further 
delayed by all the large companies. 

Methods of worMiig depos-its.— Tlie methods of mining the ore bodies in Bingham 
vary with differences in the mode of occurrence and in the size of the bodies. Those 
whose locus is an inclined bed are mined either by direct extension of the face, by 
overhead or reverse-step stoping, or by the caving system. Ordinarily the thick- 
ness is not great enough to necessitate special timbering, but when it is, square seta 
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have in the past been introducptl. This Bystoiii was used in the great Lead slope m 
the Old Telegraph mine, in I lie Ironsliipe in lhe()hl'l(ii'da)>,aiid in the three shoo Is of 
the Ilighlaiid Boy. When tin- si/e of a shoot pt-nnits, however, tlie caving system 
is believed to be rheappr. This has been introduced in the Commercial mine and is 
proposed for use in the No. 1 slioot of tlio Highland Boy, The system used at the 
Commercial is the same as that which is followed in some iron mines in Michi[i;an 
and in Mercur. The ini'hiied ore body is divided into two sides by a medial incline 
on the dip extending from highest to lowest levels. Lateral drifts are driven in ure 
off from this iiiclinr along tlie strike, and to the temiination of the shool, al vcriii-al 
inter\als of Ifi feet. Kroin tht^se lateml drifts crosscut drifts, sized to take a ;i-fool 
cap in clear and fi^-foot leg, are driven to both foot and liau^ing walls. Sloping con- 
sists of robbing back on ihelianging.and the ore thus dislodged, as well as that derived 
from the resulting caving of the hanging, is caught on board floors. On removing the 
loose ore from below, the intervening slice caves of its own weight and the hanging 
waste'and former floor come in. The advantages claimed for this system are saving 
in timber, in labor, and in ore, Thus 95 to 97 per c^^nt of the ore on 'the No. '.i sub- 
level in the Commercial was reported to have been saved.at a mining cost of 57 i cents 
a ton. The manager of the Highland Boy slates that it is expected that the ca\ ing 
system will efFect a saving in the cost of mining in that property of 125 cents ii ton. 

If the ore occurs in fissures, nuich depends uiwrn whether pay !> cv.iily ur 
unevenly dislributed. In the .fnnner case overhead sloping i.s i-c»iiMcd i<i; in 
the latter, when the pay is "pockety," the system of removing the i>re if* ncif.— 
sarily very irregular. In fissure veuis, owing to the fad thai tliey nircly rcmh 
great widths, timbering is usually unnecessary. Examples .if ihesc sli)|ieil-'iut 
and nontimbered or slightly limbered fissures may be seen in the WimiimnU. 
Silver Shield, and Montezuma. 

J/nri/iy machinery. — In most of the mines drilling is dono by sintrlc-niuii 
power. In the larger mines, however, machine drills, single and d'Hihli', arc in 
use. The Highland Boy and Commercial drive their ni.ichine drill.^ b\ >lcjirii. 
On the United States properties air compressed at the Old .hudiKL and inin^uiiiicl 
to the Old Jordan. Galena. Niagara, and Telegraph mines i~. ii>i'.i Inr ihi' iliilU. 
Shooting is done by match-lighted fuses, except in the Migbliiinl Huv ami I'mu- 
mercial mines, where, al points from which reti-eal is dillicnli or sln« . ii i> itnrir 
by electric batteries. As regaixls underground transpurtaliim, ncc i>. (Imrcil ii> 
the working levels, usually the lowest outlet tunnel, and ihcncc in inkiii in ihc 
surface in cars for shipment to reduction [jlants. The cars arc propclli'il by nun. 
except in the Highland Boy, whei-e they are drawn in train.s of lei; b\ nnili-.. It 
is understood that electrical power is to be used for this purpiw in ibc (MMHiu'iiinl. 
Pumping has not yet become a general problam. The Brooklyn, ibr 'IumihIu', 
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Lead, Dalton and Lark, Winaniuck, and West Mountain rlacer have encoun- 
tered this problem, and the Old Jordan, Silver Shield, and Montezuma are passing 
to it in a smaller vvav. The Winanmck and West ^lountain ?>laeer, after ecmsid- 
erable diflficulty, solved it by installing powerful Cornish pumps. The last three 
properties have found small pumps of a few horse{)ower sufiicient. Tills must 
in the future prove a question of growin<^ importance. 

PROCESSES OF REDUCTION'. 

The processes used for the reduction of Bingham ores have varied with the 
variations in the chemical and mineralogical character of the ores. As has been 
shown, mining in this camp has developed through several periods, each of which 
was determined by a difTerent type of ore; consequently, the development of the 
processes of reduction has followed similar periods. 

In the early days reduction olfered fewer difficulties than at present; then, 
ores were mainlv carbonates, and, as thev lav within the zone of surface enrich- 
inent, carried comparatively high values. To-day, exploitation has passed below 
this zone of ore, especially adapted to profitable reduction, into deposits of sul- 
phides of veiy low grade. In the intervening period the siliceous gold ores recjuired 
special methods of treatment. 

Briefly, the history of reduction processes may be considered under three 
heads: The early methods of smelting the Carbonate ores; the intervening period 
of milling gold ores: and the present period of improved methods of smelting 
low-grade copper ores. 

Early smelters. In 1871 t.ie first smelter in Bingham Canyon was erected 
at the Utah mine. This was stated in 1.S73 to have proved a failure. The fol- 
lowing items are from the report of the superintendent for 1(S72: 

'*The cost of each ton of ore smelted is: In fluxes, S6.96; charcoal, SI 5. SO; 
labor, $4.27; calcination, So. 30: mining and incidentals, S6; aggregating S38.33 
per ton, while the amount produced from each ton of ore smelted was, gross, $43.85, 
leaving only $5.52 as net profit on each ton of ore." 

The Winaniuck smelter, on the other hand, was most successfully operated 
by Messrs. Bristol & Daggett. The expenses were very high, but the losses were 
correspondingly low: 

^X'harcoal costs (freight and waste included) something over 30 cents a 
bushel; iron ore (the pure red hematite, })rought from Rawlins, Wyoming Ter- 
ritory), $22.50 to $25 per ton; limestone, $7 per ton. Fire })ricks are brought 
from Golden City, Colorado, or even from Illinois. As the charge of the furnace 
consists of about 13 parts ore, 4 parts iron ore, 5 parts limestone, and 6 parts char- 
coal, with 2 parts old slags, it will be seen that the ^e^c^icti/Ti^ is highly expensive. 

o Murphy, J. R., cited In report of R. W. Raymond: Mineral Resources West of the Rocky Mountains for 1873, p. 254. 
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In n'-]M'f'X of completeneflB of extnctkm the woiks are doing exoeUentlv for this 
n-un'*:;. x]iff V/tal losses in treatment being 6.4 per cent of Uie lead and o.S per cent 
of Mj" silver cx>ntained as per fire aasav in the ore.' * 

7'hLs exfyhedin^j low rate of loas, Mr. Eilers^ states, wifis less than at any 
oMj'-r workh in the West, except at Eureka. Mr. Daggett^ gives the total cost 
of OH' \>t'T ton. including mining, smelting (S44), freight, sampling, etc.. as $89.73 
Iij \Sl'l tbff Winamuck worics included — 

'TWO Piltz furnaces, 14 feet in height from the tuyeres to the feed hole. 3i feet 
in fiiaifjeUT at the tuyeres, and 18 inches in thickness of walls. There are six 
iijyr«n'h. with 2i-inch nozzles. The slag discharge is 10 inches below the tuyeres. 
. . . The automatic siphon tap is employed Blast is furnished from the 
K<H>t blowers that have bc^en worked up to a pressure of 2 inches of mercur}\ hut 
th<' u^ijmI pressure is 1} inches.''^ 

About J 873 to 1874, however, the easily reduced carbonates were nearly 
workt'd out on most of the large Bingham properties, and methods of smelting 
htn\ to bf' altered accordingly. 

''The cartKinate ores, although refractory on account of the large percentage 
of rjuartz, offered no special difficulties in smelting if mixed with the proper fluxes. 
It was uIko pr>ssible to smelt a certain amoimt of sulphuret ore after previous 
roasting in heaps, or a partial roasting in the reverberator^- furnace, together with 
carbonate ore, as thereby a saving in iron ore could be effected. When we have 
to treat the sulphuret ore alone, we ^d heap roasting altogether insuflicient and 
a ronii)lete roasting in the reverberatory furnaces too expensive*, and })esides the 
pen:entage of lead in the sulphuret ore is too low for smelting. ' 

At about the same time that the necessity for altering methods of snu^lting 
to suit the sulphide ores arose rich strikes were made in sev(»ral Western States, 
and ea|)ital was thus attracted thither. It slowly returned, however, and then 
followed a p<»riod of 8ucce.s«ful lead mining, encouraged by improved and cheapened 
smelter <^ndition.s. 

(iiold HUimj) millM. — In the course of continued ex])l()ration llie superficia 
bodies of silieeouH gold ores had been encountered in the great hnK^stoiies. Severn 
times in the history of the camp attention has been drawn to the desiral)ility < 
milling gold ores. In this work in 1882 there were four stanij) mills enjxaged. tl 
Jordan having one of ten stamps and another of sixty, tlie vStewart one of twent 
and the Stewart No. 2, one of ten stamps. The ten-stam]) Jordan mill located 
the mine was — 

**a Hteam mill with 500-pound stamps, amalgamated co|)per-plate rililc>. two p 
one settler, one Ball amalgamator, and some tie boxes for concentration of 
orw.' ' 

" Huymond, K. W., Mineral Resources West of the Rocky Mountttins, 1*^7".. ij.. . . . 

ft Kilflrn, A., Train*. Am. Inst. MIn. Kn|?., vol. i, pp. .3M(> .'m. 

'•Dojow'tt. Kllsworth, F^conomle results of smoltlnp In Utah: Am. Inst. .Miii. I tii- . ;■ 

d Raymond, R. W., Mineral Resources West of the R«H'ky MountHiDs. 1*^7 i. p . 

* Raymond, R. W., Mineral Resources West of the R^K-ky Mountains. ]'^7■.. j.. ; 
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The sixty-stamp mill was — 

"on the Jordan River 2 miles northwest of Sandy. . . . Its fittings consist 
of one large engine; two boilers, 4J by 16 feet; two Blake rock breakers, 9 by 15 
inches; one pair of Cornish rolls, 30 inches in diameter with 16-inch face, with 
chilled steel shells; TuUoch's self-feeders, sixty 850-pound stamps, single discharge 
mortars; and two electric Ughts/' ^ 

The Stewart twenty-stamp mill — 

"consisted of a 60-horsepower engine; a boiler, 16 feet by 60 inches; a Blake plaster 
crusher, 12 by 16 inches; twenty 650-pound and 750-pound stamps, speed 90, drop 
from 7 to 9 inches, single discharge; Russia iron No. 6 slot screen; 2 Tulloch and 
2 Hendy self-feeders; and aprons with amalgamated copper plates. The capacity 
of the mill was about 50 tons per day.'' '' 

The Jordan ore assayed from $150 to $1,500 and, it was claimed, would average 
$10 per ton. The average assay value of several hundred tons that were run 
through the ten-stamp mill in 1880 was $19.90 gold and $8.40 silver per ton. ^ 

The Stewart mill treated in 1880 over 10,000 tons of ore, which averaged $11 
in gold. Cash receipts for bulUon produced amounted to $99,267.37. Fineness 
of bullion was 0.900 gold, 0.060 silver, and 0.040 copper. 

• While reports agree that the results from the Jordan and Stewart mills were 
unsatisfactory^ some state that those from the Commercial gold ore were successful. 
The operator, however, admits their failure. The general cause assigned for the 
failure was the loss of the gold in tailings through imperfect amalgamation. 
Accordingly, the large mill which was erected in the course of developing the 
Highland Boy property was equipped with a (*yanide plant. The operator states 
that the results were successful but not satisfactorv. The failure was attributed 
to the extra high percentage of cyanide required to save the gold, and this was 
held to be due to the presence of copper. This treatment of the oxidized siliceous 
ore from the hill south of the Niagara mill affords the only instance in which 
cyaniding is held to have been carried on at a profit. 

Leaching operations. — Another experiment directed to more complete saving of 
values was conducted by the operators of the Old Telegraph mine. Its object was 
to increase savings by * 'leacliing the so-called silver quartz and the sihceous tailings 
produced by the mechanical concentration of a very argentiferous second-class lead 
ore.'' The following statement regarding the problem, the process, and the 
results is extracted in full: 

"It was admitted that large quantities of so-called ^silver quartz,' with at 
least 15 to 20 ounces silver per ton, could be taken out of the mine at Uttle expense, 
and that this ore, as well as the iron pyrites, could be got down from the mine to 
the Jordan River, about 17 miles, by tramway and railroad, for not over $1 per 
ton, since years before a rate of $1.25 had been given for second-class ore. Other 

a Huntley, D. B., Tenth Censas, vol. 13, p. 409. b idem, p. 417. e idem, p. 409. 
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economical features of the plan were the use of the |iTrites for making acid, avaO- 
ability of salt from Salt I^flke, and a very favorable piksition on the Jordan River. 
I am sorry to say that some of these economical advantages havinj; thus far failed 
to be realized, the plan has been for the present laid aside, although the tecbnicul 
results of the experiments were, on the whole, satisfactory. Mr. De la Bouglise lias 
taken patents for the process. 

"From the old tailings, residues of the leaching and concentration made in 
1878 to 1880, as above mentioned, not more than 70 per cent, bul from some good 
silver ore from the mine as much as 95 per cent of the silver could be exti'acted. 

"In these experiments flie liquor employed was hot brine, acidulated with 
muriatic or sulphuric acid to such an extent as was called for especially by llic 
little carbonate of lead present in the ore, and by (he degree of acidity desired in 
the fuial liquor, ready for the precipitation of the silver. The carbonate of lead 
appeared to occasion no inconvenience beyond that of augmenting the consump- 
tion of acid, the silver in the carbonate being readily dis,solved, and the lead also 
passing mostly into solution as cldoride. The iron and copper from the ore, pa.ssing 
into solution, improved the chloridizing and dissolving properties of the liquor. 
Some of the gold also goes into solution, which fact, with the coloration of the 
liquor, indicates that somehow chlorine is liberated and is active in the protc^is, 

"The solubility of the chloride of silver is augmented by the presence of sohlo 
free acid in tlie final liquor. But it might happen that such liquor, if further lised 
on ft fresh bat«h of ore iji such a way as to neutralize it. would lose it>. coloi' mid 
part of the silver previously in sohition. 

".\.a the free acid would cause a large consumption of copper or iiun. if iIil-.m> 
were used to precipitate the silver, granulated lead-bullion (from ilii' old slug 
dumps) was experimented with as a precipitant. In small expcrimeiili. wlierc tin- 
surface of the lead was kept clear by strong agitation, most nf tlu' sijvci' « ii> iciidily 
precipitated while the solution was losing its color, and Ijcfori* unv cDhii.T bt-Lran 
to precipitate. On a lai^e scale, this operation could proliably lie cujivfiui-nth- 
effected in revolving wooden barrels. Most of the chloride ul' lend run be eni-ily 
separated from the liquor by cooling, and could be rcducfd to ')i<iiiir\ li'iid bv 
metaUic iron, and used over again as an effective precipitant of Hic silver. 

"This part of the process needs, however, to be tested by niore exiieiimeni-, 
on a larger scale. 

"The practical difficulties encountered are mostly cil' n i IdihIi'mI iiiuiiu': 

for instance, the difficulty of filtration through the ore am! the lijuidlinu' ul' ilu' 
li(]uor. The most favorable results have been obtained l>y ii^riliiliuri of ilie ore 
with the liquor, kept hot with steam, and by subsequent deciinlatiim. It is reason- 
able to suppose that pumps could be got to handle the liquor .siili>fiiciiij-ih , e>|iei'i- 
ally by avoiding the pumping of hot liquor. In the experimeiiiul plant l>iiili m 
West Jordan, uear Bingham Junction, to avoid any iuterrupiinu mi ihtmihii uT 
pumps, the liquor was carried up and down an inchned pliiiie hy liic ii-.r nl -.y ri\].\,' 
elevator. In this plant, moved bj' water power, there arc iigilntui^ Inli- ■>( 1 .iiMO 
to 1,500 pounds capacity, and also smaller ones for testing on J<l-|iiiiiii(l in in-|).)iind 
chaises. There are also five 750-pound stamps, and one pair of Cniin-li ml]-., for 
wet and dry crushing, a few pieces of concentrating iLpjianitu'-. imd rinr ilriirkner 
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At date of writing plans have been drawn up and proposals made by the T^nited 
States Mining Company to erect a third large copper smelter at Bingham Junction. ^ 

The reduction of the lead output from this district has been effected at the 
old Germania works, owned by the American Smelting and Refining Company at 
Murray. An extensive new plant is now in process of construction near the old 
plant. It is to be a metal structure to be built at an estimated cost of $1, 000,000 .* 

Concentration mills. '^ — The more efficient concentration of low-grade Bingham 
ores is a pressing problem. A number of mills situated immediately in the 
district are running on Bingham ore, but none are extensive; only one is modem 
and the others are somewhat limited in capacity and efficiency. The Bemis and the 
Rogers mills, both located in Bingham Canyon, do custom work on percentage. 
The Shawmut mill, near the mouth of Carr Fork, treats only the product of the 
Shawmut Mining Company. The Fortune mill was running at intervals during 
the summer of 1900 on ores from the mines of that company. Some concentrating 
by hand jig was done for a short time in 1900 by the Silver Shield Mining 
Company. Experiments in concentration were made by the United States Mining 
Company at the Jordan mill during the summer of 1900; also by the Boston Con- 
solidated Mining Company at the Dewey mill, just before it was destroyed by fire in 
the fall of 1900. At the Queen tunnel a ten-stamp mill, with concentrating and 
possibly cyanide plant, was in process of erection. 

The Bemis concentrating mill, which does much of the custom work of the 
district, is equipped with one Blake crusher, 9 by 15; one smooth-faced roll, 16 by 17; 
one smooth-faced roll, 12 by 20; four jigs (special design); 2 Wilfley tables, and 
a sizer. It was built in 1898 for treating low-grade copper ores, and has a capacity 
of 5 tons per hour. In 1900, 14,000 tons of ore were concentrated. The price 
charged is $1 a ton. 

The Rogers mill, at Upper Bingham, is smaller, and during 1900. was running 
fairly steadily on leasers' ore. It is equipped with 5 stamps of 650 pounds each, 
2 revolving screens of 8 and 16 mesh, 3 jigs, 2 Wilfley tables, and a hydraulic sizer. 
Both copper and lead ores are treated. The capacity averages 20 to 25 tons in 
eight hours, but varies with the hardness, ranging from 10 to 30 tons. In 1900, 
during 250 days, 5,500 tons of ore were concentrated. 

The Shawmut mill is situated on the property of that name on the north slope 
of Carr Fork, just above its mouth. It is equipped with 1 Gates rock breaker, 2 
pairs smooth Davis rolls, 7 Hartz jigs, 1 Chilian mill, 4 sets cyhndrical screens 4 to 
12 mesh, and 4 Wilfley tables. Power for a 60-horsepovver dynamo is obtained 
from the Telluride Power Company. At time of visit 30 to 35 tons of low-grade 

a A brief description of this smelter and of additional features in smelting Bingham ores is given imder the heading 
** Recent developments," p. 383. 

b For A brief statement on a new mill for the concentration of Bingham ore, see ** Recent developments/' p. 383. 




pyritic copper ore were being run through in oac:h eiglit-hour day. The 
equipped, however, to trt-al 100 tons a day. 

The Biitteriield mill was still in prort-ss of const ruction during the field seasim. 
It was to be supplied with extra lieavy rolls to do fine crushing. Owiiij; to the 
peculiar character of the ore, it is expecte<l that some experimentation will ho 
required before a satisfaetory treatment is attained. 

The low grade of niiigham ores opens a yood lield for concent ratoi^. Their 
composite character, however, renders it dlflicult to make high saving and cleHii 
tailings. Nevertheless it would aeem that the low but constant tenor of rojiper and 
gold in the mineralized poq»hyrie8 and the high zinc values m ore from a niinilicr 
of fissure veins deserve most tliurough mil! tests. 

The advance in methods of mining, milling, and reduction is well indicated l)y 
the lower and lower grades of ore which can be handled at a profit. Thus an ex|>e- 
rienced mining manager states that in the seventies the ore mined and reduced is 
said to have carried about SSO, and that^containing below $40 to S.50 a ton Asns 
considered to be too low grade to save. In the early nineties methods hud been wi 
far improved as to enable the successful hamlljng of S'JO ore and, in favornhli' 
instances, of $16 ore. At present, with recent iniprovemeiiis in ininiut;, inin^- 
portation. and smelting, ore can-j-ing values of .?S to $!l in wurkiHi. iind under 
certain conditions a saving may l)e made on $6 ore. 

rBoinHtrmN." 

In the fall of HHKi the general nmdition of llie mining iridiisin in MiiifrliHiii 
was steadily growing better, Although the camp bad nui iciiclii'd tiic Mutf of 
activity that was enjoyed in early times preceding recent dilliriillies. it w«s IVchng 
the effect of the successful explorations conducted by the large r'nnsolidnicd in i crests 
for Iwdies of low-grade copper ore. Processes for cheaper licniihciii »in\ rciiuciinn 
had been perfected and private smelters erected. Large niino Inmteil nti imissivc 
limestones were either shipping copper ore or were prepared to du mi, Mhuv pri>)i- 
erties operating lead sulphide ore in fissures — as the Silver Shield. Peiro, .Montezunia. 
Nast. and l^at Chance—were induced to ship steadily by I lie rise In tlie price >if 
lead. During the year 1900 ore was shipped from the following pro]HTlies: Sil-.er 
Shield, Montezuma, Peti-o, Nast, Last Chance, Fortune. Nepiunc, Sliiiwniiii, .lulla, 
Dean, Butterfield, Erie, Zelnora, Burning Mcsi'ow, Tnilcd Slates ilcnsesl, liosn.n 
Consolidated, Dalton and Lark, Bingham Gold and ('[ipper, Coiumbiti. ,A>*b[)ind, 
Phoenix, Red Wing, Dixon, York, Caledonia, Frisco, Dana and A[jncs. Midhiiid, 
Greeley, Albino, St. Joe, and Louise R. 

aArMltioDalDguna, (hoiriiig << gnat bumue la yimluttioa 'lonnv latn yvrir*. iir^ ulviir In th- \it>|i'i(i|tiiii. 
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The output of tlie Binfjham ininos (luriii<r the year 1000 reached a total of 
101,132 tons of ore, which were shipped as follows: 



Shipments oj ote jrom Binghnin nduing disftid duritnj 10(M), hy months. 



January 



Tons. 
S, A'^S 



• Febniarv 
March... 



April. 
Mav. 



Jiinp 
Jiilv 



S. 
7, 

s. 



Auf^iist 7. 

St»ptenilM»r S, 

OclobtT 8, 

Novcml)er 10, 

Dec'emlKT 10, 



2.^9 
138 
20)3 
715 
3,58 
S()5 
3()3 
228 
578 

cm 

404 



Total 101 . i:i2 

The reports on Mineral Resources West of tlie Kocky Mountains and of the 
Director of the United States Mint present tlie most complete data on the known 
production obtainable: 

Knoyn pnuiuction itj tttf Bninhani in'titing (tisfricf, IS7(^19()th 



Year. Odd. 



1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 



Ouncfit. 
48, 374 



Silvor. 



Oi/nr^-v. 



I.i>}i(i. 



T<>ns. 



(opiwr. \vuT. 



Pnnjidf 



1SS7 



4,837 j ISSS 

20:ir>^r» i,:is;^ , issi) 



1 . :«X) 

4,111 
1,451 



4u;,<L>o 



(mO 



IMK) 



I 



5,993 
4,317 
3,386 
3, 173 
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Refpronte to the almve table gi\TDg known produution reveals the omission of 
several unknown amounts. Thus, exact figures could not be found for the gold 
output for the years 1876-1879, iuclusive, and lor 1881; for the silver output for 
the years 1875-IS79 and 1881, nor for the output of copper and lead up to 1899. 
Tlie values of each of these products for these periods have been approximated as 
closely aa possible by means of the available data. The values of the known products 
given in the above table have been figured on tlie values current for eath motal in 
1900, as follows: Gold, $20.67 (coinage value); silver, 6'2 cents (average for 1900); 
copper, 16.5 cents (New York market) ; lead, 4.4 c^nta per pound. The production 
shown in tjie tabic, when at these values, gives an aggiegate value for the approxi- 
mate total output from Bingham to 1900 of $20,745,575— in round numbers 
»2I,0(K),O0O. 

SUMMAKY OF HISTOKT OF THE DISTRICT. 

A chronological summai-y of the history of the district is given in the following 
table : 

ImportoTil nttnli in Ihe hiilory of the Bijighanl mining diatrici. 

1FM13 (September 17). TheWeatJordauclaim loratedbjO.B.O^Ivb; lirst recorded miuiD^ locatioi 

lSfi3 (Dpceraber), Wesl Mouolain mining district orgKoized; first miniog distrirt in Utah 

1K64. Placer gold dbcoVerrd. 

IS&l {JanuBTj). Galena eluiru iMuted. 

1SQ4 (Maj). Vidtittu claim located; first property l« shuw impper 

1864 (aummor). West Jordan Mining Cnmitauy inoc)rporBlpd undrr tlip inwa ot CaiifoniiB, 

1864 (Jul;). Columbia claim tucated. 

1H0.5. Spanish clwni l<x;aled. 

I!jfi6 (Janu&i7 3). Yoeemile loci((«d. 

1866 (March 31 ). Winamuck diBcovered bv Mormoo farmers. 

1868 (June). Pirat ahipment oF ore from Utah (copper ore from KinEstiin ('(] clnlm), 

IS7() (October 1). LasI Chance claim located. 

1871. L'lah smelter built. Winamuck smelter built. 

1871 (March 3). No-You-Dont claim located by T. H. B. Jones. 

1873 (June 6). Moolreal claim located by four prospector*. (Orifjiuul lot-ations mi 'ri>lr'!;rn[ili l„di 

You-Don't, Montreal, Nei Perct-B Chief.) 
1S73 (June 29). Nbk Pwwb Chief claim located by R. Godfrey. 
1S73. Highland Boy claim located by Januai W. Campbell. 
1873 (December). Bingham Canyon (uarrow gauge) Rulroail completed. 
1M74. Carbonates penetrated and sulphides entered in principal raine.s. 
1874. Concentration works erected; first Id Utah. 
IS77. Leaching works erected. 

1881-1889. Bull«rfield Canyon mines prominent as producers of k'ad ore. 
1896 (December). DisooTery of paying copperoroin Highland Boy mine. Iiiiliuliun of nrlivily 

mining. 
1896. Utah Consolidated Mining Company (Higlilind Boy) organiKed. 
I8S7. Boston Consolidated Mining C^ompany organised. 
1899 (March). Consolidation of Old Jordan and Galena, Spanish, and Telcpraph riiiiH-, iirid iir^'Hl 

United SlAl^a Mining Company. 
1899 (May). Highland Boy smelter in commission. 
1899 (December), Bingham Qold and Copper Company or^aniied. 
190U. Shavmut mill ereeted. 



J tan, 
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1900. Smelter of Bingham Gold and Copper Company erected at Bingham Junction. 

1901. Concentration and enlargement of Highland Boy plant at the mine. 
1901. Steam railway extended to Upper Bingham. 

1901 (May). Purchase of Dalton and Lark-Brooklyn- Yosemite group and consolidation with Bingham Gold 
and Copper Mining Compan}' as ''Bingham Consolidated Mining Company.'' 

BIBLIOGRAPHY. 

Although this district has been visited by many experienced geologists and 
mining experts during a period covering forty years, very few publications relating 
to either its areal or its economic geology have appeared. The following bibliog- 
raphy includes the titles of those consulted and brief sketches of the contents of 
the more important ones. Many contain only incidental references to the district; 
none attempt to treat its geology fully, and only one seriously undertakes a thorough 
description of a mining property. The report on the ' 'Mining industries of Utah/' 
prepared by D. B. Huntley for the Tenth Census, has been frequently consulted. 
The reports on '^ Mineral Resources West of the Rocky Mountains, '^ by R. W. 
Raymond, for the years 1867 to 1875, and the Mint Reports from 1881 to 1899 have 
suppUed valuable data. The most helpful geological information was found in the 
'* Introduction '^ to J. E. Spurr's report on the Mercur mining district, Utah, by 
S. F. Emmons; in the ' * Report on the Tintic mining district, * * by G. W. Tower and 
G. O. Smith, and in a sketch of the Telegraph mine, by G. Lavagnino. 

Bancroft, H. H. History of Utah, p. 740. 

Devotes one and one-fourth pages to attitude of Mormons toward mining industry and to history of 
mining in Bingham. 

Bingham Bulletin, Bingham, Utah, May 5, 1899. 

Reviews mining industry of Bingham. 

Braden, E. B. Special report on Utah in reports of the Director of the Mint for 

1897, 1898, 1899. 
Burciiard, H. C. Reports of the Director of the Mint for 1811, 1882, 1883, 1884. 
Daggett, E. Economical results of smelting in Utah: Trans. Am. Inst. Min. Eng., 

vol. 2, pp. 17-28. 

Detailed statement on composition of ores treated in furnace of Winamiick Company in 1872, and on 
methods of treatment and results. 

Idem. Mmeral Resources West of Rocky Mountains, 1872, p. 367. 

Dana, J. D. Text-book of Geology, 4th ed., p. 340. 

Refers to Oquirrh Mountains as a locality where ore deposits "occupy cavities in limestone made by 
the corroding action of the solutions of vapors." 

Egleston, T. Metallurgy of Silver, Gold, and Mercury in the United States, vol. 2, 

1890, pp. 176,261. 
EiLERS, A. Contributions to the records of lead smelting in blast furnaces: Trans. 

Am. Inst. Min. Eng., vol. 1, pp. 382-395. 

Gives assays with apparent loss at Winamuck smelter, and states that loss is less than at any other 
works in the West, except at Eureka. 

. See Hahn, O. H. 
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Emmons, S. F. U. S. Geological Exploration of the Fortieth Parallel, Clarence Eang, 
vol. 2, 1877, pp. 443-454. 

Description of the situation, topography, character, and age of rocks, and structure of the Oquirrfa 
Range. 

. Introduction, on the Oquirrh Mountains, to report by J. E. Spurr, on the 

Mercur mining district, Utah: Sixteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 
1895, pp. 349-369. 

The secondary enrichment of ore deposits: Trans. Am. Inst. Min. Eng., 



vol. 30, pp. 194-195. 

Mentions a large body of pyrite replacing limestone in the Highland Boy mine, and secondary enrich- 
ment along postmineral fractures. 

Fabian, B. Resources of Utah, with statistics of progress for year 1872, pp. 12-13. 

Includes brief general sketch of geology of mines. 

Fenner, C. The Old Telegraph mine: School of Mines Quarterly, July, 1893, pp. 
355-359. 

A general sketch in which the Telegraph ore bodies are considered to lie on a fissure vein. 

Gilbert, G. K. U. S. Geographical Surveys West of the One-hundredth Meridian, 
G. M. Wheeler, vol. 3, 1875, p. 25. 

General description of the Oquirrh Range, its rocks, general structure, and age, with sections. 

Hahn, O. H. ; EiLERS, A. ; Raymond, R. W. The smelting of argentiferous lead ores 
in Nevada, Utah, and Montana: Trans. Am. Inst. Min. Eng., vol. 1, pp. 91-131. 

Includes stat<?ments on several points connected with smelting, in which Bingham was unique; assays 
of Bingham ore and treatment. 

Hanauer, a. Special report on Utah in reports of the Director of the Mint for 

1886-96. 
Barker, A. Petrology for students, 2d ed., 1897, p. 107. 

Refers to hornblende-granite-porphyry, described by Zirkel for the Fortieth Parallel Sun-ey, and cites 
typical occurrence in CKjuirrh Mountains. 

Hewitt, A. S. A century of mining and metallurgy in the United States: Trans. 
Am. Inst. Min. Eng., vol. 5, p. 164, 193. 

A broad, suggestive essay upon the influence of mining on history, civilization, and settlement. 
Bingham Canyon is mentioned among the list of permanently productive mining districts. 

Hollister, (). J. Resources and attractions of Utah, 1882, pp. 28-30. 

Brief description of geology, ore bodies, development and exploitation in chief mines, and character 
of ore. 

. Gold and silver mining in Utah: Trans. Am. Inst. Min. Eng., vol. 16, 

pp. 3-18. 

Gives a general review of the history and development of mining in Utah, then special sketches of 
chief districts. One and two-thirds pages are devoted to the general and economic geology and mines 
of Bingham, a concise statement of the occurrence of ore bodies, and the output of the principal mines. 

Jernegan, J. L. Swansea silver smelting and refining works of Chicago: Trans. 
Am. Inst. Min. Eng., vol. 4, pp. 35-53. 

Includes descriptions, assays, and .an account of the treatment of ores from Yosemite, Spanish, and 
Galena mines. 

Kimball, J. P. Reports of the Director of the Mint for 1885-89. 

Gives output for each year. 
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King, C. U. S. Geological Exploration of Fortieth Parallel, vol. 1, 1887, pp. 184, 
185, 213-214, 221, 293, 590. 

Statements regarding systeniatic geology of Oquirrh Range. 

Leech, E. O. Reports of the Director of the Mint for 1890-92. 
Lavagnino, G. The Old Telegraph mine, l^tah: Trans. Am. Inst. Min. Eng., vol. 
16, pp. 25-33. 

Valuable detailed description of the geology, occurrence of ore bodies, and composition, value, and 
treatment of ores of this mine. 

. The Old Telegraph mine, Utah: Mining and Scientific Press, vol. 78, 1899, 

p. 584. 

Summary of previous paper. 

Louis, J. A. See Phillips and Louis. 

Murphy, J. R. The Mineral Resources of the Territory of Utah, with mining statis- 
tics, maps, etc., 1872, pp. 1-3, 6, 14-19. 

Includes valuable and carefully prepared information on histon' of mining industry in Bingham, a 
section on gold mining, and a less reliable sketch of the general geology. 

Phillips, J. A., and Louis, Hexry. Ore Deposits, 2d ed., 1896, p. 760. 

Refers to placer gold in Bingham, 1880. 

PoSepn^^, F The genesis of ore deposits: Trans. Am. Inst. Min. Eng., vol. 23, pp. 
197-370. 

Mentions visit to Old Telegraph mine (p. 297) during exploitation of oxidized ore. 

Preston, R. E. Reports of the Director of the Mint for 1893-96. 
Raymond, R. W. Reports on Mineral Resources of the States and Territories west 
of the Rocky Mountains, vols. 1-8, 1869-1877. 

Notes on geology, occurrence of ore, and output of mines of district. 

. Production of gold and silver in the United States: Trans. Am. Inst. Min. 

Eng., vol. 3, pp. 202-207. 
See Hahn, O. H. 



Roberts, G. E. Report of the Director of the Mint for 1897-99. 

RoTHWELL, R. P. The cost of milling silver ores in Utah and Nevada: Trans. Am. 
Inst. Min. Eng., vol. 8, pp. 551-560. 

Schneider, A. F. High percentage of lime in lead shaft-furnace slags: Trans. Am. 
Inst. Min. Eng., vol. 11, pp. 56-61. 
N Smith, G. O., and Tower, G. W. Geology and mining industry of the Tintic dis- 
trict, Utah: Nineteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1899, pp. 671,^72. 

Terhune, R. H. Ore and matte roasting in Utah: Trans. Am. Inst. Min. Eng., 
vol. 16, pp. 18-24. 

Tower, G. W. See Smith, G. O. 

Tribune, The Dailv, Salt Lake Citv, Utah, Januarv 1, 1900. 

Presents annual review of progress in mining in Bingham, mcluding developments in individual 
properties. 

. Idem. January 1, 1901. 

Utah Board of Trade. Resources and attractions of the Territory of Utah, 1879. 

Two-thirds of a page on geology, chief mine»;, output, and commercial conditions, with special state- 
ments on Telegraph and Stewart mines. 
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Grades of ores.— Bingham mines are steady, rpliablo producers of low-grade 
copper-iron ore in fair amouiib^ an«l of good lead-silver ore in tunialler quantities; 
bonanzas are rare exceptions. The cupper ore is of aucti grade as to necessitate 
extreme economy in handling in order to secure profit, Only a fraction of the lead 
ore can be smelted direutly. Considerable amounts of both tlie copper-iron and 
the lead-silver ores are advantageously concentrated. Zinc is frequently present 
in high percentaj^es, bul has nol l)een deemed of commercial importance, though 
it has never received due attention. 

MINKRALOGT OF THE OBE8. 

The minerals which compose the ores include the ore minerals and the gangiie 
minerals. The ore mineraliri are taken up in the onler of the importance of ilieir 
metals in Bingham ores, and under each metal are deseribed in the following chem- 
ical order: Sulphides, oxides, carbimates, sulphates, and native metSlji. The char- 
acteristic gangue minerals are considered in the order of their prevalence. In 
these descriptions chemical and crystallograpliic technicalities are omitted; certain 
new occurrences, the rarer minerals, and questions of special mineralogical intercut 
are more particularly considered. The aim has been, however, to afford tiiitech- 
nical descriptions of the occurrence, association, and physical cliaraclerisl 
the typical ore mineral.'^. 



I 



/*i/rjfe.~This mineral appears in every type of ore. and is the ium.si 
metallic .mineral known in Bingham. It forms the bulk of immciiM' rephiccmcnt 
ore bodies in limestone, plays a secondary role in fissure ores, nrid i^ ihonnighly 
disseminated through igneous rocks. It is probably purest when in the form of 
crystals lining vugs in large bodies of iron which ticcur in limc-.|oiu' a<ljiiceni to 
fissures. In such cases it is noticeably pale and brittle. A suiii[ih' of sncli r-ry^lals 
yielded, after a most refined examination by Dr. II. X. .Stokes, of ihc (tooiogiial 
Survey, 16.8 per cent sulphur, oxidizable on a basi?; of (H per cent M;l|ihiir In liicn- 
retically pure pyrite, and only a minute trace of cop]>cr — (■o]l^i^il'l■allly It-.-.-, ihiin 
one-hundredth of 1 per cent. From this pure type il riin;;i'v ili)i)ii>:ii xariiHi- 
stages of impurity and is intimately combined with cliHlL'oj)yriti\ jiynliuiiic, nnJ 
alteration products of the primary sulphides. 

The fine-grained and compact stnictnre of llic cryislnllini- \!iriiiir> lrc(|LH'ini\ 
gives way to a coarse-grained granular facies with ciiar.si', linncycnnili -ti'iiciuri' 
in the massive tyjws. 

Large and very perfect crystals have been found, mid sniiilli'i mn- ^nc I'Mivnul^ 
common, alike in the main iron masses, sjirinklcil through Iimh linir-i,-[n', imd in 
quartzite. The finest crystals seen during the study of the liiviin i liiu-il it vug 
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ill the Old Jordan mine, l^tali level. Compromise stope (see PI. XVIII). They 
show cubic forms, 2 inches square, fuiely striated by twinning with the p^'ritohedron 
(pentagonal dodecahedron "i. Behind this lining of cubes, at a distance of I to 2 
inches, occurs a zone of smaller imp(M*fect crystals wliich sliow pyritohedra! forms, 
striated by twinning with the cube. Vugs in this zcHie contain clusters of quartz 
crystals; but the reason for this change in the form of crystals from a modified 
pyritohedron at the earlier period to a modified cube at the closing period is 
uncertain. 

The association of copper minerals with pyrite 1ms led to active exploration 
for large bodies of pyrite in limestone. The nature of this association is briefly 
considered under chalcopyrit^. Xo other commercial value is attachej to pyrite 
in Bingham, so far as known, except the utilization of its sul])hur and iron in smelting. 
This is very successfully accomplished at the matte or semipyritic plant operated 
by the Bingham Consolidated Company at Bingham Junction. 

Pijrrhotite. -Although no mention of the occurrence of pyrrhotite in this 
district is known, it has been found in specimens of low-grade sulphide ore from 
the Highland Boy mine, and tests on pyritic ores collected generally throughout 
the camp give in each case light-colored metallic particles which are magnetic. 
It occurs in massive form, associated with massive chalcopyrite and massive and 
crystalline pyrite, and it may be distinguished from these sulphides by its pinkish 
or flesh color and its magnetic property. In certain specimens from the Higliland 
Boy it is much more abundant than pyrite and somewhat more than chalcopyrite 
Neither macroscopic nor microscopic examination gives evidence that it is yet 
being transformed to pyrite.'' From the association it would appear to be one 
of the primary sulphides. 

Chalcopyrite . — This mineral is conunon in small amounts in various types of 
deposits in Bingham. It occurs scattered in small patches throughout the pyrite 
bodies, in limestone associated with the pyrite bands, in fissure lead-silver ores, 
and it is disseminated in grains throughout the nuiin porphyry bodies. No large 
bodies composed solely of this mineral are known. Its most usual association is 
with pyrite and chalcocite. 

The precise nature of this association of chalcopyrite with pyrite has long 
been an unsolved problem. Apparently chemical mineralogists have been unable 
to determine (1) whether copper replaces a portion of the iron in pyrite and thus 
forms chalcopyrite in chemical union with pyrite, or (2) whether the chalcopyrite 
exists solely as a separate mineral in an intimate physical mixture with pyrite. 
Macroscopic examination of samples of cupriferous pyrite from Bingham, Utah, 
from Morenci and Bisbee, Ariz., and from Kio Tinto, Spain, show that chalco- 

aLindgren, Waldemar, The gold-quartz veins of Neva<ia City and Grass Valley districts, Califoniia: Seventeenth Ann. 
Rept. r. S. r.eol. Survey, pt. 2, p. 147. 
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pyrite exists in these largely in a state of physical mixture. In thin sections of 
these ores minute glistening grains may be seen in the pyrite. It has been sug- 
gested '^ by Frank H. Probert that these grains are chalcopyrite minutely dissem- 
iiijited through the pyrite, and his observation that they are nimierous in the raw 
ore and much less numerous in the leached product would seem to support this 
view. 

A comparative study of specimens in which chalcopyrite is microscopically 
visible and of others in which it is not, and again of leached and unleached cuprif- 
erous pyrite, tends to prove that chalcopyrite occurs in a state of physical mixture 
with pyrite, not only in macroscopic quantities but also in minute microscopic 
particles. -This fact may explain the presence of copper in samples of cupriferous 
pyrite in which chalcopyrite was not known to occur. It does not follow, how- 
ever, that all copper and cupriferous pyrite occurs in chalcop3Tite as a physical 
mixture with pyrite. The conclusions reached through this study tend to largely 
increase the estimate of the- amount of copper which is known to occur in this 
form, and proportionateljpr to reduce the estimate of the amount of copper which 
is known to exist in chemical combination with the pyrite. The occurrence and 
the origin of cupriferous pyrite in igneous rocks are questions of no less scientific 
interest. Comparative microscopic studies of the monzonite of Bingham in its 
several stages of alteration aflford defijiite evidence concerning these questions, 
which are fully discussed under the heading * 'Genesis of ores' ' (p. 168). In brief, 
it appears that the chalcopyrite in this intrusive was deposited as a secoiKhiry 
})roduct subsequent to the date of intrusion. 

This mineral varies in structure, being in some cases homogeneous and stnic 
tureless, in others granular, and in others granular to scaly, with plates having 
common orientation in bands that form a pseudoschistose structure. It is ge 
erally massive, but crystals nearly 2 inches in diameter have i)een reported. 

Economically, chalcopyrite is the most important of the priniaFv ^ulphic^ 
Pyritic copper ore (chalcopyrite in pyrite) runs from a small fraction of 1 |)er c 
to over 15 per cent copper, and averages approximately H\ per cent copper. 
the cupriferous pyrite bodies of the Highland Boy mine the copper content 
little higher than this approximate average. 

Bomite. — This mineral has been observed in Bingham, hut is not (on 
Small quantities occur in intimate association with chalcopyrite in tlie Imtl^c r( 
ment ore bodies. An excellent specimen was supplied from the lliL'lilan 
mine. 



"Report prepared by Frank H. Probert for Dr. James Douglas, president Copper Qiioen MiTiiiiL' ( ^ ?• i 
* -"H tic copper ores as conducted at Rio Tin to, Spain." The suppestion here jms. uti 1 r. -; 
* ^^''^ Rio Tinto ores by F. H. Probert with Professor Judd. 
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TetraJiedrite. — ^The variety of tetrahedrite found in this district, consisting of 
sulphide of copper and antimony, with associated silver, zinc, and antimony, occurs 
both in massive and in crystalline form. The massive variety is much more 
common than has been usually supposed. The dull, dark-red streak that is char- 
acteristic of this argentiferous variety has caused this mineral to be taken for 
ruby silver (pyrargyrite, or proustite), but tests made by Drs. W. F. Hillebrand 
and E. T. Allen, of the United States Geological Survey, have shown the presence 
of abundant copper, and of arsenic, antimony, and silver. Accordingly, it would 
appear on a quaUtative basis to be the argentiferous variety of tetrahedrite, frei- 
bergite, which is closely allied to the tennanjite series. 

The massive type occurs in the lead-silver fissure ores in irregular bands and 
patches, and is fine grained, compact, brittle, and homogoneous, with metallic 
luster, dark-steel to lead-gray color with a pale greenish-bronze hue, and affords 
a dark-red streak. Its characteristic line and streak distinguish it from its asso- 
ciates, galena, blende, and chalcopyrite. 

The bands studied in the Silver Shield ores lie close to the walls and are inter- 
mediate in age between the earlier blende and the later chalcopyrite and galena. 
A single group of crystals was seen from the Northern Light tunnel. A specimen 
from a vug in the quartzite foot wall of the Winamuck lode, on the 140-foot level 
east, shows crystals which exhibit the plus tetrahedron modified by the plus trigonal 
tristetrahedron (trigondodecahedron) and the dodecahedron. This variety of 
tetrahedrite, in which the silver probably replaces a portion of the copper, occurs 
in considerable quantity in argentiferous lead ores in Bingham. A picked sample 
of tetrahedrite from a single specimen of Silver Sliield ore assayed 325 ounces of 
silver per ton. 

Tetrahedrite has also been found by chemical analysis to be present in the 
black copper-sulphide ores. A specimen from the Kempton mine shows tetrahe- 
drite in crystals and as a thin film coating chalcopyrite implanted upon the later 
of two generations of pyrite crystals (see PI. XXXVIII, B). 

Binnite. — Tliis rare mineral (a sulphide of copper and arsenic) is reported'' to 
have occurred in a very soft, blue clay in the Tiwaukee mine, but none was recog- 
nized at time of visit. 

(Jkalcocite. — This black sulphide of copper occurs as a dull-black powder, 
or earthy material, in replacement bodies in limestone. It is found below 
the carbonates above the primary sulphides in considerable quantities in the 
Commercial and Telegraph mines, and less plentifully in the Old Jordan, Fortune, 
and Columbia mines, though in the last instance tlie loose, comminuted form 
gives way to a compact, brittle type, of metallic luster and of faint blue tarnish. 

a Huntley, D. B., Tenth Census, vol. 13, p. 411. 
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Bodies of the black sulphide are seldom pure, but are Intc^rbanded wilh lupiifemus 
jniiie. wliich is aUo distributed throuKhuut their maaa in small grains . (see PI. 
XXXVIII, C). Chalcauthite and siliceous iimller, teuoritr, utid prolmbly luelac- 
oiiite. are assix'iated in small Hiiiouuts. In its typical massive occunence it is 
dillicult to distinguish by eye from tlie black copper oxides, lenorite and melac- 
ijiiile. Chemical analysis of typical black copper-sulphide ores from the Tele- 
graph, Commercial, Old Jordan, and Fnrluiie mines shows that the greater part 
of the black materi»l in their rieh, black sulphide ores is chalcocite. As it has a 
cojjper content of "ft.S, as compared with 55.."i in bornite and 34.5 in chulcopyrile, 
il is the most desirable of the copper sulpliides. and constitutes the richest grade 
of the first-i^iass sulphide ores. In a fresh sample from the Commercial mine 
Dr. E. T. Allen, of the United States Geological Survey, found 42.3 per cent of 
copper. 

Cubanite.^^This mineral, an iron-copper hulphide, is intermediate in composi- 
tion and physical aspects between pvrite and chalcopyrite and is between a bronze 
and brass-yellow in color. It has been found, according to report, iii "pyritous low- 
grade ore" in the lower workings of the Winamuck. 

Iiiiarffitf. — This mineral, an ui-senical sulphide oi' copper, was found in a small 
cavity on a fracture zone in the quartzite m{ the hanging wall cut by ft ci-os.scul running 
north from the work tunnel of the Commercial mine and in the Highland Boy mine. 
The cavity in the Commercial mine was lined with large, well-dcvc toped crystals of 
enargite. This coating, which was from 1 to 4 inches thick, was sepaiiilcd from 
the main wall at many but not at all points by a band of massivi' and scmicrvslal- 
line pyrite, which was clearly earlier than the enargite, and whiili \^ seen in thin 
section to be a replacement of quartzite. Although microscopii' exnniinairon shows 
the enargite, also, to be a replacement of quartzite. it docs iioi iitluiii pi.siiive evi- 
dence regarding replacement of pyrite by enargite. 

The enargite occurs in irregular masses consisting of well-develupcil «cdgc- 
shaped crystals, some of which measure an inch in length (sec I'l, XlXt, Individual-. 
present the basal and micropinacoids and unit prism: oscillutiuns be1^^ee^ llii' 
micropinacoid and the prism produce twinning slriiiiions. I'risnuiiic ■■lenvagc i> 
perfect, micropinacoidal fair, and brachypinacoidal pcmrisce i'l.XIX-.l) (liia- 
sionally wedge-shaped crystals occur grouped about n cenlral axis i|tniullel tu r» 
the vertical axes of all l)eing parallel, and a junction of the prism fuees of each ii 
contact with corresponding junctions in adjacent crystals, mi ihiil i\\f\ fnrm 
6-rayed stellate rosette (see PI. XIX, .Bi. This mineral on tresli friiemiv i- uf .-.ie. 
gray color and metallic luster but becomes on exposure dull grjiy-blaik unit Iii>r. 
less, and. locally, a faint robin's egg blue bloom appears. A- (he iiiTin[vri<c-. 
Bingham include only a. few pounds this Hiineral is not i>f ei.niiin'n ml nii|>i>ri;m 




A. CRYSTALLINE ENARGITE. COMMERCIAL MINE. Nituiil •■», 

S. CRYSTALLINE ENARGITE, SHOWING ROSETTE HABIT, COMMERCIAL MINE. Nilun 

C ROSETTE OF ENARGITE CRYSTALS SHOWN IN B. ILLUSTRATING CLEAVAGE, Sii ■ 
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Tennantite. — This mineral, an arsenical sulphide of copper, has been reported 
to occur in Bingham in minute crAstals or botrj^oidal incrustations.' 

Boumonite (I). — A single specimen resembling this somewhat uncommon 
compound of lead, copper, antimony, and sulphur is tentatively classed in the 
bournonite group. A few crystals were found in the Highland Boy mine in small 
vugs in rich cupriferous pyrite at the top of the primary sulphides immediately 
underlying the zone of surface alteration. They are dark lead-gray in color, of a 
highly perfect metallic luster, and complexly striated and twinned. Lack of 
material prevents exact chemical determination, and accordingly it is identified 
by its extremely close resemblance to material collected by Dr. F. L. Kansome 
at Rico, Colo., and determined by Dr. W. L. Hillebrand as a lead-copper sulphan- 
timonarsenate. 

Covellite. — This mineral, a sulphide of coj)per, was found sparingh^ in a sample 
of high-grade sulphide ore from the Northern Chief mine, and in a cabinet specimen 
from the Old Jordan mine. It occurs in massive form as small, irregular j)atches, 
and also as a film upon chalcopyrite in association with galena, pyrite, and sphal- 
erite. It may be readily identified by its characteristic indigo-blue color. 

Tenorite, — This })lack copper oxide occurs intimately associated with the 
chalcocite ores as a veiy fine-grained, dull black, earthy powder (melaconite) and 
also in scales with metallic luster as tenorite proper. It is usually present in the 
black copper sulphide ores of the district in association with chalcocite. As the 
theoretical copper content of tenorite (70. S) is the same as that of chalcocite, it 
is not necessar\' for commercial purposes to discriminate between these tw^o rich 
copper minerals. 

Cuprite. — This mineral, a red copper oxide, is rare in workings which are now 
accessible, an occurrence in the old workings of the Commercial mine being the 
only one observed. In this instance irregular grains one-eighth of an inch or less 
in diameter and minute seams and filanuMits occur intimately disseminated through 
a brown, altered limestone. The larger grains and seams are made up of cores of 
cuprite inclosed by malachite, and- the smaller ones are now entirely malachite. 
A cabinet specimen reported to have been taken from early workings in the Old 
Jordan mine exhibits cuprite in association with black sulphides of copper and 
native copper. 

Mdlachitf. — This mineral, a green copper carbonate, has been found through- 
out this district in the superficial portions of the copper ore shoots in considerable 
masses, but is no longer common in any (juantity. It occurs in glo])ular masses 
and in bands or lamina* e(juivalent to portions of stratigraphic members. In 
samples in which carbonization is only partial it forms an envelope about sulphides 

" Personal communication from A. F. Holden. 
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adjacent to fractures which intersect limestone, shale, porphyry, or quartzite, or 
in two or more of these. It is sometimes found in limestone in scattered, small 
amounts. Most commonly it occurs in irregular bands roughly intercrufitified 
with similar bands of pyrite and chalcopyrite, calcite or (|uartz, and zinc blende. In 
certain instances the galena bands have mammillary surfaces facing the interior 
of the vein, and the individual lobes extend into a core of crystalline or semicrystal- 
line cah'ite. In other occurrences the above minerals are irregularly interspersed 
with ()n(» another without definite arrangement. The following minerals have also 
t)(»en found associated with galena: Cerussite, magnesian siderite, tetrahedrite, 
harite, rhodoclu-osite, sericite, and g}'psum. 

Crystals of galena are rare. A specimen from the Northern Light mine exhibits 
cubes of galena and pyritohedra of pyrite resting on a siliceous base and bearing 
r()sett(»s of acicular quartz crj^stals. The galena crystals are small (one-half inch 
in lenj^th) and imperfect, but show the cube elongated to an oblong, very slightly 
modified by the octahedron. The skeleton forms give the appearance that the 
crystals are made up of a great number of thin plates, whose edges are parallel to 
the octahedron and whose angles are truncated parallel to the cube. Both the eleav_ 
able and the fine granular types of the massive variety of galena are found, the 
coarsely cleavable being by far the most common. This type is made uj) of numerous 
bunches,' unsystematically grouped, so that the cleavage planes are discordant 
in adjacent bunches, and on their polished faces the cleavage plates in some of \\w 
fissure oreS are curved and apparently crushed and distorted (PI. XXIV. Ak 

Much of the lead-silver ore has to be concentrated, the ratio ranging; from :; to 
T) into 1. Zinc is a common accessorv- in lead ores and in several instances has lun 
so hi<]!;h as to render exploitation unprofitable. It is commonly oi)servc(l licrc. 
as elsewhere, that the granular variety of galena forms a higher <;rade ore than tin 
cleavable. The lead content in the normal first-class fissun* ore avcra<rcs i)ct\\cc 
40 and oO per cent. 

Massicot, — On a s})eeimen of altered lead ore a mineral occurs, which in (•(►1< 
luster, texture, and streak resembles this oxide of lead. The amount found 
insufficient to permit chemical determination. 

Cerussite. — This mineral (lead carbonate) has been found \n several |)i()|)ci 
in the superficial portions, where it occurs as an alteration product of iralcnn. 
the York mine, at the junction of the west incline with the west (hift. a \U!i. I 
with fairly well-developed crA'stals, occurred in the oxidiz(»d York \(Mn. I 
crystals are grouped in imperfect stellate aggregates made up of iiidividu.iU n 
exhibit the basal, the micropinacoid, microdome, the l)rachy|)inacoi(i. nnd n 
cation by the prism. Occurrences are now becoming infre(jucnt. tlmuLili 
davs of carbonate ore excellent specimens of this mineral aic icpoiird u 
' '-r^f\ ill the Jordan, Yosemite, and Lead mines, and elsew hcic. 
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Anglesite. — This mineral (lead sulphate) occurred, it is said, in association 
with other lead minerals in the Old Jordan mine, and elsewhere. Thus, Huntley 
states that ^'on the footwall of the vein (Jordan) immense bodies of ceru.ssite, 
with some anglesite and galena, were found/ ' " A dark-green, massive variety 
(PL XXXVIII, A)y a laminated, gray variety, and normally light-gray incrustations 
and imperfect crystals of high luster appear on hand specimens of lead ore. 

Dufrenoysite. — This lead arsenic sulphide has been reported'' from the Wina- 
muck mine, but none was observed at time of visit. 

Pyrargyrite. — According to general belief ruby silver (silver-antimony sulphidf ) 
occurs in the Silver Shield, Winamuck, and other mines. None, however, has been 
recognized. Crystalline specimens reported to be ruby silver have proved, upon study 
of the crystal forms, to belong to a different crystal system, and upon chemical 
determination by Drs. W. F. Hillebrand and E. T. Allen, have been found to be 
tetrahedrite (see Tetrahedrife , p. 107). 

Cerargyrite. — This mineral (hornsilver, silver chloride) has been reported from 
the Winamuck mine.^ 

Silver. — Native silver has been reported from the district and was suspected in 
several instances to occur in lead ore, but during the present examination it was 
not found. Yet the l^ad-silver ores carry from a few to over 200, and in one case 
over 625 ounces of silver per ton. Assays of picked samples of possible silver-bear- 
ing org minerals by Doctor Allen show where the silver lies. A composite sample 
of massive tetrahedrite vielded on fire assav 325 ounces to the ton. Granular 
galena gave 10 ounces, and a sample made up of cleavable galena from four mines 
showed 18.9 ounces of silver. J'inally a sample of black copper sulphide ore from the 
Commercial assayed 58. G cv.ncts silver. A very small portion of this amount may 
have been included in pyrite grains. But chemical analysis of this black material 
by Doctor Hillebrand revealed the presence of tellurium and led him to report that 
*'From the amount of tellurium present it seems probable tliat the silver and gold 
both exist as tellurides and that the silver is not in the sulphantimonite. ' ' w^imilar 
determinations on the associated original yellow mineral, probably mainly pyrite, 
gave 3.32 ounces silver and a little tellurium. 

These specific determinations show that silver occurs highest in the tetrahedrite: 
next in black sulph.ide, proh,ably as a telluride, and next highest in the cleavabk* and 
granular varieties of galena, respectively. These facts seem to explain the high 
content of silver in those ores in wl ich tetrahedrite occurs, and also the occurrence 
of silver when pyrite alone is present. And they further reveal the })robable 
presence, hitherto unsuspected, of tellurides. 

"Huntley, D. B., Tenth Census, v< 1. l.J. p. 4(0. 

f* Personal communication from A. F. Holden, an<l Dana's System of Mineralogy, 6th ed., p. 1093. 

<• Huntley. I). B., Tenth Census, vcl. 1".. p. 411. 
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Gold. — This mineral bas been mined in Bingham in pay grade in two forms — in 
its primary oceurrenco in country rock and in its secondarj- owurreiice amung 
detrital deposits. In the former it has paid botli in fissures and metamorpbosed 
hme.stoni's. Although in the early days many high-grade gold bodies have been 
found and some famous nuggets have been taken from Bingham, those conditions 
seem to have passed, and during the study of the camp no fre* gold was seen. 

Gold ia known to occur in the pyrite, and it appeai-s highly probable, from chemi- 
cal analyses made m comiection with this report , that it occurs as a telluride. It is 
very clear, from specimens and from abandoned workings, that as pyrite became 
oxidized through surface alteration it broke up and passed away as sulphuric aiid 
and limonite, theinoreresistant contents, such as gold, being left, and thus relatively 
enriched became the ' ' rich oxidized gold ore ' ' found in early days in the superficial 
portions of the great limestone bodies. Disintegration of enriched metamorphosed 
limestones set free their metallic values, and thus supplied the placers with their gold 
contents. 

The descriptions of the occurrence of the gold ores in these early mines accord 
with this explanation. Thus, in the Steamboat mine "a pocket of very rich ^ok! 
ore (oxidized pyrites) was found near the surface, 125 feet long and from 75 lo lOd 
feet deep. . . . This was the real commencement of the gold excitement in 
Bingham"" {1877). In the Jordan mine was "a belt of very friable, pomus, ocher- 
stained, gold quartz ore, from 20 to 185 feet in width, from 400 to 500 feet in length. ' ' '' 
In the Stewart "the mass of porous ocher-stained ore was found to coniaiu gold in 
paying quantities- ... It had near the surface an immense body of li>w -grade 
gold ore, rich in places. This body appeared to lie between quart /.ilc walls Kinnigly 
stained with iron oxide near the ore. . . . The ore is a ver}' porous ijiuirlzitc. 
. . . About three-quarters is soft and fine, OccMsiiiiiailv tlicii' un- 

seams of a silky, talcose clay. . . ."'■ It was tosuch ore tliHl tlic fiuly r-xplni(a- 
tion of the Last Chance mine, through the Ilooper tunnel, by u Brilisli MWiliiuli', 
owed its success. 

Specimens of what was considered a high-grade gold ore from tlic .inriliin 
mine showed a porous, honeycombed rock that was comi)i>sed of gruiuilar .si'ini- 
crystalline and crystaUine quartz, and was discolored by a fine-grained diiik-iiniHn 
ocherous powder. In this ore pyrite is visible in various stages of decomposition. 
This occurrence of metamorphosed ailicified limestone, with its replftceincnl iiiiiicriil — 
pj-rite — altered and the whole stained and often dusted with one of ibe nluTiitiun 
products, seems to be tj-pical of the Bingham gold ores. It is iMidersl<">il tluii mily 
a portion of this gold was free, and that no entirely successful process i«v iiiuiiiii.' liif 
remainder of the gold content was ever found (see page 254). 

•J BiiDtlif>'. L). B., Tenth Ccdiur, to[. U, ji. 4m. '• Ibid. i II.M. 
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Gold ore from the Iloogley fissure, reported to have carried extraordinary 
values, is a soft, yellow-brown, ocherous mass. 

In the present low-grade copper-iron ores gold is an important associate, for it 
is the gold content in these ores, low as it is, which renders more than one Bingham 
property a commercial possibility. 

Gold to the amount of 3.8 ounces and teUurium have been found bv chemical 
york in rich black sulphide ore. In his report upon this work Doctor Hillebrand 
states ' ' From the amount of tellurium present it seems probable that the silver and 
gold both exist as tellurides. ' ' The black material which aflforded these results is 
associated with and is apparently secondary to original cupriferous pyrite. This 
pyrite yields on similar tests only 0.1 of an oimce gold and a trace of tellurium. 

Unlike the primary gold, which is said to have been rough and jagged, the placer 
gold is reported to occur in thin, beaten scales and in rounded, smooth, and 
washed nuggets. Flour gold has been found to be evenly distributed through the 
gravel for a distance of 30 feet above bed rock. The highest pay, however, both 
in the deep gravels on the main creek bed and in high gravels, lies upon or near to 
the bed rock. 

In the normal gold ore values often ran very high. Thus it is reported " that 
ore from the Stewart assayed $50 to $100 per ton; that from the Jordan from $1.50 
to $1,500, with an average of $10; that from the Utah, after 100 assays, averaged 
$17, of which $6 was free. 

The gold in the pyritic copper ores ranges from a few cents to about $10, and 
averages somewhat under $2; that in the laccolithic porphyry of Upper Bingham 
lies somewhat under 50 cents. Placer values are extremely inconstant. A recent 
sample of a bench-gravel deposit showed the 30 feet of gravel next above bed rock 
to average 6 cents per cubic yard, and the 5 feet next above that rock to average 18 
cents per cubic yard. Some famous nuggets have been found at the bottom of the 
gravel on the bed rock of the main gulch. Mr. Daniel Clays states that he found 
a nugget near the mouth of Damphool Gulch which weighed 7 ounces and 15 penny- 
weights. This, it is claimed, is the largest single piece of gold ever found in Utah. 
Little is known regarding the fineness of the gold. Egleston has stated that Bing- 
ham's detrital gold is as 967:5.'' Huntley states^ that the fineness of placer gold 
approaches to 0.852. It is commonly considered to lie between 850 and 900. 

Sphalerite. — This mineral, a zinc sulphide, also called zinc blende, or blende, occurs 
abundantly in the lode ores. Although found in lodes that cut all rocks, it appears 
on the whole to be most abundant in those that lie within porphyry, e. g., the Last 
Chance vein. It forms uneven bands, roughl}^ parallel to those of its associates, and 



a Huntley, D. B., Tenth Census, vol. 13, p. 409. 

h Egleston, Thomas, Metallurgj' of Gold, Silver, and Mercury in the United States, 1890, vol 2, p. 261. 

c Huntley, D. B., Tenth Census, vol. 13, p. 419. 
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also irregular bunches and stringers intermixed with thtm. In many fisfiures the 
bands of blendtt lie olnse to the walls and appear to be earlier than the bulk uf the 
metallic contents of tJiose veins, but in others seems of blende extend through the ore 
without apparent parngeiietit' sequence. Galena, chalcopyrite, pyrite, caleite, and 
quartz are its most common associates. A few ntinut« crystals of a pale honey- 
yellow variety were sti-n on tlip walls of vugs in liasure ore from the Queen vein, 
and a few of the very dark-brown or black variety iieeurred similarly in the Last. 
Chance vein. Imperfectly crystallized grains lie among small quartz crystals lining 
the numerous siliceous seams in No. 7 vein in Last Chance mine, but by far the 
greater portion of this mineral is of the dark-brown type, black-jack, and usually 
oc«urs massive cleavable. but (M-casIonally granular. 

The content uf zinc in Bingham ores varies from a trace to about 4.5 per cent. 
It is reported to be low in the Silver Shield: l-^ per cent and upward in the Last 
Chance; 25 to 3S per cent, with a uiaximum ttf 40 per cent, in the Neptune; 32 per 
cent avorajje in the Vespasian. The following are assays of ores from the Wina- 
muck mine: 

200-f.«)l fevul .^.i 39.0 

:)(Kk-f0<it levi'l 13 lo IS, ,1 

400.foot WrI II I,. 21 

That such high percentages of a desirable mineral should not only he l<.si, nr 
worse than lost, in that its presence leads to extra charges, is (lec|ily lo [bv 
regretted, and this subject deserves sijecial attention from experienced inineiii intor,-. 
and practical metallurgists (see p. 376). / 

Goshrite. —Th\» mineral (hydrous zinc sulphate, zinc vitrinl. while \iiriiili 
occurs quite generally in mine workings which liave been opened fur a con^iilcnilile 
])eriod, in tufts of glistening white capillaiy crystals. Excellent j^tuniilcs \vi>i-f found 
in abandoned workings in the Winamuck and Old Jordan mines, li uuiy be n iiiiil\ 
distinguished from fibrous gj-psuni hy the fact tliat i:oslarilc ])iisM'f.se-i im ji^irniu'i'tii 
laste, while gypsum is tasteless. 

Si^leriU. — This mineral, iron carbonate, is now found dtiIv in sinnll nninuni-, 
hut it was undoubtedly verj- common during carbomite mininji. ^nlllil. llnls^l\l^ 
light-yellow grains were found in lead ore on a fracture in liu' Iliglihiuil lim . I'lmn 
chemical determination by Doctor Allen, of the I'liiteii Suics (ieoli.jjii ■^Ll Siirvi\ , 
these proved to be sideroplesite, ii magnesian variety of siderilc 

Spteuiaritf.—Thc iron oxides are not aliundant in Bingliiini An cMillcm 
specimen of micaceous hematite in radiate folia, in fresh, angular (|I!,iiI/.m<', \mis 
found in float adjacent to the Giant Chief fissure, close by an inlrut-i\r \n>\\\ . S-n 
mal spccul oc b in the banging wall ul ilic \i> i imc 

body, on the t i level, m " itti granular pyriti- and rhiil' .ip\ lii.-. »- n 
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secondary mineral in metamorphosed silicified limestone adjacent to mineralized 
fissures (see PI. XXXVII, B), 

Magnetite, — Although this mineral, a magnetic iron oxide, might reasonably 
be expected to have formed on a considerable scale along intrusive contacts, 
no such occurrences were noted. In the monzonite of the Bingham laccolith, 
however, and in the sills and dikes which pass from this parent body w^estward, 
magnetite occurs as a prominent constituent. In thin sections minute grains and 
crystals are seen scattered tliickly through and about the ferromagnesian silicates, 
and also, though much less plentifully, through the groundmass. 

Limonite. — This hydrous iron oxide is foimd as an alteration product of iron 
minerals, most commonly of pyrite, at many places, but nowhere in quantity. It 
occurs as a precipitate from standing mine waters and as an alteration product in 
the superficial portion of ferruginous ore bodies. The latter is the ' ' yellow-brown 
stain,' ' ' 4ron oxide,' ' and ^ ^ ocher ' ' referred to in descriptions of early workings, and 
is still visible in the workings on oxidized ore bodies. It may be observed in the 
initial stages of its formation in thin sections of copper-sulphide ore collected w4thin 
the zone of surface alteration. 

Luckite, — This mineral, a variety of the hydrous sulphate of iron, in which 
manganese and magnesia replace a portion of the iron, was first described from the 
Lucky Boy mine, Butterfield Canyon, Bingham district. The mine was closed at 
time of visit and no material has been obtained. A. F. Ilolden, owner of the prop- 
erty, states that he is sure that he has never seen any pure specimens of this decom- 
position mineral. An analysis by Carnot" gave the following results: 

Aruilysis o] luckite. 

MnO 1.9 

MgO 2 

FeO 21.7 

SOs 26. 3 

CaO 5 

Insoluble 7. 2 

H,0 42.2 

• ' ■ 

100.0 

Mallardite, — This mineral, a hydrous manganese sulphate, was also described 
from the Lucky Boy mine and is reported by Mr. Holden to be ^^ still found there 
in isolated spots, ^ ' where it occurs ' ' in crystalline masses with fibrous structure,' ' 
**in a gray, clay-like gangue with quartz sand and barite."'' As bearing upon the 
conditions attending the formation of this rare mineral, it is to be noted that ' 'Carnot 
obtained from a solution of manganese sulphate, at 15° C, the salt Mn, 80^+5 H^O 
in triclinic crystals; but at a temperature of 6° C. he obtained monoclinic crystals 
with the composition Mn, 80^+7 H.O,"'' which is the composition of mallardite. 

a Bull. Soc. Min. vol. 2, 1879, p. \fA. '• Dana. J. D., System of Mineralogy, 6th ed., p. 943. 
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This analyst determined this mineral lo hi- made up of MnO. 25,fi; SO,, 28.9; 
H,0, 45.5. 

Realgar avd orpiment. — These arsemc sulphidos have been reported from But- 
terfield Canyon." 

Molyhdemte. — Grains and bands of this mineral (molybdenum sulphide) occur 
in the monsionite which forms the Upper Bingham laccolith. At the face of the 
northwest fork of Wall tunnel No. 2, scams of foliated, massive molybdenite, 
one-tenth of an inch in thickness, coat the porphyw' workings of narrow joint or 
fracture planes, and it also lies in the country ro(^k adjacent to these seams in small 
grains. Semicrj'stalUne quartz is associated in the seams and in certain instances 
is clearly of later date. 

Quartz. — This mineral occurs in n variety of forms in connection with the ore 
deposits. Small, imperfectly formed quartz crystals frequently coat the walls 
of narrow fissures in porphyrj-, as in the Copper Center tunnel (Boston Consoli- 
dated Company), and British tunnel (Last Chance Company). Massive quartz 
often occurs where fissure ore is frozen to quartzite walls, as in the Silver Shield. 
Similarly, where ore pipes pierce quartzite, there are bodies of massive quartz, 
bearing partially formed crystals an inch in length, one of which showed 4 
rliombohedrons. Frequently, portions which were originally limestone, now 
lying within their parent strata, are porous, honeycombed, spongy ninsses nf pure 
quartz, as in the Edison tunnel (Boston Consolidated) and the Fortune and Rcveif 
mines. The most widespread occurrence of quartz, exclusive of that in the M'di- 
ments, is aa a residual product in the alteration of limestone. Thus, u fine, while, 
granular variety, which is commonly associated with limestone replucement limlies 
in the Jordan, Utah, and Telegraph mines, even in the interior of the grcal lime- 
stones, has been found, upon analysis by Dr. W. F. Hillebrand. to carry .S4.f)t 
and 88.2.5 of silica. Economically, the siliceous character of ores is a desirable 
feature in matte smelting. 

Opal. — A loek-green and dark amber-brown culdrcd type of iliis vjiricty 
of silica occurs in limestone in the Commercial mine. Irrejiuliir liruncliiii;; >.ciiiii.s 
one-eighth to one-fourth of an inch in width traverse a light-brown scinicrvshilliDi' 
limestone and are in turn intersected by films of secondary culcitc. 

Calcitf. — In ita most usual occurrence as the product of inarnmri/nrioii of 
limestone, this mineral (a carbonate of calcium) forms allolrioiiiorphii' ^r^lin^ con- 
stituting massive, compact marble. It is not as common in llie linii'-ilniic rcfihicc- 
ment ores as one might expect, but frequently forms the corc> ni li-^iirr M'irw. 
Thug, Naat ore shows a coarsely cryslalhne band of calcite of VNiytni; ihi.kin!-.>^ 

oDsna. J. D., System cif Mlrm»ki([)'. "'luil.. |i. liKil, 
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running through the central portion of the vein and penetrated from either side 
by lobes of galena. This galena in some cases shows crystal terminations. Occa- 
sionally small vugs occur within these cores, and imperfect calcite crystals some- 
times coat their walls. Thin sections of these ores show that calcite fills cleavage 
fractures which traverse galena, sphalerite, pyrite, and chalcopyrite. 

Dolomite. — This mineral, a calcium-magnesium carbonate, is known sparingly 
in altered limestone and in fissures. In a single block which was obtained from 
the Highland Boy mine, of which one portion was blue limestone and the other 
white crystalline limestone or marble, the former gave 53.5 CaO .99 MgO, while 
the white product of alteration of same gave 45.52 CaO, 1.31 MgO. In a similar 
examination of material from the Old Jordan mine the fresh portion gave 48.34 CaO 
and 3.66 MgO, while the altered portion contained only 99.74 CaO and 24.57 MgO. 
These analyses by Doctor Hillebrand tend to show an increase of MgO in the altered 
portions of the limestone. Although the occurrence of magnesium oxide in the 
form of dolomite is not proved, it seems probable that it is present. Specimens 
from the Evans tunnel, Telegraph mine, show the several stages of transition 
from blue Umestone to marble, and a fine-grained, light pink-brown dolomite. 
On the Queen vein, Queen mine, vugs between plates of barite are coated with 
crystalline dolomite carrying an excess of magnesia. 

Gypsum. — Imperfect, acicular crystals of gypsum (calcium sulphate) occur 
in the Last Chance vein and are apparently of recent date. Similarly in the Port- 
land incline and elsewhere small plates of selenite seem to have formed as a decom- 
composition product. In the big stope of the Dixon mine a considerable table 
of fibrous gypsum was found between the carbonate ore and the parent sulphides. 
Scales of selenite frequently occur in the black shale exploited in the mines of 
this portion of the camp. 

Garnet. — A small amount of this mineral, a complex silicate of aluminum, 
calcium, magnesium, iron, or manganese, was detected by Mr. Waldemar Lindgren 
in altered limestone from the dump at the upper adit of the Commercial mine. 
Under the microscope thin sections show it to be in the form of light greenish-brown 
grains. As the specimen was not found in place, it is not possible to state the 
manner of its original occurrence. In the Highland Boy mine. No. 6 level, under 
the main ore shoot and over an intrusive, green garnets in modified dodecahedral 
crystals one-twentieth of an inch in diameter occur associated with grains of pyrite 
and chalcopyrite in a groundmass of calcite. In thin sections these crystals are 
seen to have developed in the metamorphosed limestone as intergrowths with 
pyrite and chalcopyrite (see PL XXXVI). Although contact metamorphism 
does not appear to have developed garnet on as great scale in this district as it 
did in some other regions, e. g., at Morenci, Ariz., apparently some is formed in 
this manner in Bingham. 



Bariie. — Radiating lamellip of this mineral fbariura sulphate) occur in the 
Queen vein. Queen mine, Butterfield Canyon, in association with sphalerite, dolo- 
mite, quartz, and high silver values. 

Rhododtrosite. — A fiesh-colored fihn of this mineral fmanganejse carbonate) 
coats highly zinciferous silver ore in the Eagle Bird vein, Queen mine, ButterfieW 
Canyon. One sample was found by Doctor Allen to contain considerable magne- 
sium carbonitte and accordingly to lie between rhodochrosite and mangano-calcite. 

.SVfi'ri/c.— This occurs in monzonite as an alteration product, and lias also been 
detected in thin sections of porphyry which occurred adjacent to ore-bearing fissures 
and wa.s subject to metasomatic alteration. 



The values of Bingham ores average very low. Pay is widely distributed. 
Prospecting in any country rock in any part of the camp rarely fails to disclose 
some metal, but bonanzas have rarely been found. Most of the ores that are 
being mined to-day carrj' values so low that they are either low-grade smelting ores 
or milling ores. Thus, in certain instances, the accessorj- gold, lead, and silver 
contents are depended upon to raise the total value of a low-grade copper ore iiliove 
the commercial limit. White four concentration mills are leading to the extension 
of mining operations, it has been reliably estimated that a profit can not be guar- 
anteed upon a mixed copper ore from Bingham whose aggregate value fulls below 
?6. It is understood, however, that this minimum limit has now been loni-jcd and 
it is reasonable to expect that it will be still further reduced. The cnmiiiniLtinn of 
a few higher-grade bodies, several medium-grade, and many !ow-graile, logi-ther «iib 
the variety and types of ore, including copper, lead, silver, and gold, ]m.< pnivi'd 
most valuable; for this fact, by fortifying the mining industry against curly cMllHl^- 
tion. baseless speculation, and market fluctuations has made possible pniclicully 
continuous mining operations from the date of earliest mining in rtali to the jinscnl 
day. 

Copper values. — Little reliable infonnation regarding values of carboimtf coiipii' 
ore is available. It is commonly reported by miners of long experience in Binglniiii 
that ore bodies which are now exploited for their content ol copper sulptiiiies yiehhd 
in their oxidized zones mainly lead and silver, with little, if any, copper. TIids ouv 
mine, which yielded in the early days high lead-silver values and eurbonali' •n-r. nnw 
yields, in addition to lead and silver, some gold and an average of H..'i percenl cnppei', 
The average of assays on three characteristic shipments from a tyjiinil lls>uri' mine 
show a copper content of 6.5 per cent. In the limestone replui-i'mciii oir lnnlii's, 
which constitute the foundation of the copper industry in Binglmiii. lli.> r..|i|n'r 
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values are understood to run somewhat lower; thus the average of the averages of a 
great number of assays on ore from two of the great properties shows a copper 
content of 3.3 per cent. 

Lead values. — The lead content in 10,940 tons of carbonate ore from one mine 
averaged 27.5 per cent, and 1 ,506 tons of ' ^ sulphuret ore ' ' taken out with this carbon- 
ate carried 14.21 per cent lead. Some famous lead-ore bodies have been found in the 
great limestones which have furnished large amounts of extra high-grade ore. Thus, 
in the Black stope of the Telegraph mine lead is stated to have run 45 per cent, and in 
the Lions Den, Jordan mine, 65 per cent. The fissure ores, however, supply the bulk 
of the lead product from Bingham to-day. A control assay on a normal shipment 
from a mine on a fissure which cuts quartzite and porphyry gives 44.25 per cent 
lead. The shipments of several years from a mine on a fissure in limestone are said 
to average 45 per cent lead. These fact«, taken in connection with assays of ores 
from many other mines, warrant the conclusion that the average content of typical 
lead ore in Bingham is about 45 per cent lead. 

Silver values. — Fissure ore constitutes the chief source of silver in Bingham. 
In 10,940 tons of carbonate ore from the mine mentioned above, the silver content 
averaged 57.14 ounces, while the sulphurets associated with the carbonate ore yielded 
an average ot 51.40 ounces. Assays on ore from the several lower levels of the same 
property show a silver content ranging from 14 ounces to 268 ounces, with an 
average in 11 assays of 65.2 ounces. The silver content in lead bonanzas runs 
as follows: Lions Den, Jordan mine, 25 ounces; Black stope. Telegraph mine, 18 
ounces. In the sulphide copper ore shipped from the limestone replacement bodies 
at the present day, silver may be expected to run on an average from 2 to 4 ounces. 
A mine on fissure ore in quartzite and porphyr>^ affords an average, based upon 
assays of three normal shipments, of 81.6 ounces, and ore from a fissure in lime- 
stone is said to average 18 ounces silver, which is on a ratio of one part silver to three 
of lead; while ore from the property affording the assay of carbonate ore was con- 
sidered to carry silver in the proportion of 320 ounces of silver to 1 ounce of gold. 

Gold values. — Gold has been found in quantities sufficient to pay for saving 
in the oxidized zone of limestone replacement ore bodies, in the sulphides, and in 
detrital deposits. Assays of the ' ^ oxidized gold ores ' ' are reported to have indicated 
gold contents ranging from a trace to $15 per ton. 



4 
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From early workings on several properties the following values per ton have 
been reported;" 

Heported roiuee 0/ " mridiad gold arts." fKr Ion, jrom minm in Bingham diMrirl. 
Jonkn S 10 

Utah , m; 

Spnaish ;i lo fl 

Telograph 3 to 5 

Colonel Sellers clum 20 

Levant 20 

Highland Boy 18 

Siewftrt 50 to 100 

Bevan Compaay and Stewart No. 2 2 lo 60 

These values indicate a rouglily approximated average of about $10 to $12 
per ton. Gold and sulphides occur in the cupriferous pyrite, in porphyry, in the 
great limestones, and sparingly ui galena. A large number of assays of samples 
taken in the test workings of the Wall property just below Upper Bingliam, and 
those of the Boston Consolidated Company in Copper Center Gulch, show that golil 
occurs in the monzonite in small amounts. The average of 52 assays from 
samples taken in Copper Center tunnel shows 15 cents in gold, while averages of the 
gold found in nine of the Wall tunnels give an average carry of 37 cents, In the 
sulphide ore bodies in limestone the gold values range from averages of SO and i)0 
cents to an average of $2.20. Ore from one prominent silver-lead tis.sure f^ives uit 
average from seven assays of 81-10; from another fissure an average nf three ship- 
ments shows $2.26, and from another fissure 80 ceatw. Tlie jraicim tjf llic La.-^t 
Chance mine, according to statements made by the operators, tarries sume gold, 
and an assay made by Dr. E. T. Allen in the laboratory of the Initeii Stalca Geo- 
logical Survey of a composite sample, which included portions of cii-avable galcim 
from the Last Chance, Highlaud Boy, and Nast and Silver Shield miiies, proved 
the presence of 0.60 of an ounce of gold. 

The disintegration of tht^ae gold-bearing rocks has resulted in the ^lepo^iIilHl 
of free gold in stream gravels in varj^ing amounts. Some gravel from tlie liotlorii 
of the main Bingham Canyon in the vicinity of Damphool Gulch is reporled to Imve 
3-ielded S18 to 820 per cubic yard, and at one time, in a limited area. S."> a ]mn. 
The paj' levels of the West Mountain gravels are said to yield x to Ui ccms u juin, 
and some of them $6 to $9 and even $15 a yard. A recent samplinir ni ilie trnivel 
in the Argonaut cut shows that the lower 30 feet of gravel averapes (l ci'iiis pi-r cubic 
yard and that the lowest 5 feet averages IS cents. 

s Huntley. D. B., Tanth Cmuui, vol. 13. ftOI ttm value (0 una m (rrc i-i.l,t 



CHAPTER III. 

OCCUllREXCE OF THE ORES. 

AREAL DISTRIBUTION. 

The productive area in the Bingham mining district (PI. XVI) is not restricted 
to any one local deposit nor to a single zone of deposits. The most important 
single locus of any economic interest comprises the massive limestones which have 
been traced from the desert on the east across Copper Gulch, past the head of 
Yosemite Gulch to the lower portion of Bear Gulch, and across the head of Bingham 
Canyon to the point of their rupture by intrusives, and thence beyond, to the west, 
a distance in a direct line of about 34 miles. From the Richmond mine on the 
east to the Star on the west is a distance of about 3§ miles. In a north-south 
direction valuable ore has been found as far north as the Midland and Broad Gauge 
and south in the Queen and Lucky Boy. Thus the productive area extends approx- 
imately 4 miles north and south and Si miles east and west, comprising an area of 
about 15 square miles. The vertical range of the known ore deposits is marked 
by those in the Zelnora (elevation 8,375) " and the lowest levels in the Brooklyn 
(elevation 5,875) and Dalton and Lark (elevation 5,810). Ore bodies are thus 
known through a vertical range of approximately 2,565 feet. 

GEOLOGICAL DISTRIBUTION. 

Character of country rock. — The sedimentary section exposed in* this, district 
embraces several thousand feet of massive quartzite, thin, intercalated limestones, 
and calcareous shales. Though the calcareous members form a very small portion 
of this total thickness, their influence in the deposition of ore bodies gives them 
especial importance. This great quartzite section may thus be broadly divided on 
lithologic grounds into two parts — a lower, which is distinguished by a few com- 
paratively thin interbedded limestones, and an upper, which is distinguished by 
intercalated black calcareous shales, sandstones, and impure limestones. 

Ore bodies occur in each of the lithologic types of rock of the district, including 
limestone, quartzite, shale, and porphyry. The limestones which have afforded the 
largest ore bodies, and which compose the main belt, include the Jordan, the Com- 
mercial, and the Highland Boy members. No ore bodies are known in the massive 

a These elevations are based upon the Bingham contour map, and that is based upon elevations determined by tiie 
Rio Grande Western Railroad. 
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limestone (lower Carboniferous by Fortieth Parallel Survey) forms the country 
roek for the principal ore bodies at Tintic, Alta, and Mercur; (2) that the equiva- 
lents of the Weber formation (considered upper Carboniferous by Fortieth Parallel 
Survey) contain the more valuable ore bodies at Bhi^ham and Park City, and (3) 
that some ore-bearing beds at Park City are of still later age. 

ItELuVTIOfJ Ol- ORE TO COITNTEY SUCK. 

So far as the occurrence of the ore is mfluenced by the character ot the 
country rock, it may be considered with regard to its physical or its chemical 
factors, or with regard to a combination of the two. Lithologic characteristics, 
such as massiveness, compactness, ductility, friability, etc., are closely related 
to the character and extent of fracturing. Lithologic succession affects form and 
continuity of fissures. The influence of solubility, and thus of replaceability, of 
carbonaceous matter, and the influence of mineralogic composition, more particu- 
larly in igneous rocks, on the form of occurrence is patent. The systematic occur- 
rence of ore in metamorphosed calcareous sediments adjacent to igneous masses 
is indicative of influences exerted by igneous magmas, wliich, though not completely 
understood, probably involve both chemical and physical agencies. 

'Physical influencfs. — The compact quartzites, the bedded limestones, and the 
liomogeneous jointed igneous rocks present three hthologicaJly and slruciurally 
distinct types. Examples are seen in wliich fracturing has produced zones of 
intensely crushed material in quartzite, series of irregular, anastomosing fissures 
in limestone, and cleanly cut master fissures in igneous rock. Observations on these 
Assures were not sudiciently extended to warrant the statement that these variable 
results of fracturing are of general occurrence. The fine-grained, compact, massive 
quartzite of Bingham, forming a great thickness of nearly homogeneous maleriiil, 
is found in many localities to have been intensely crushed, fractured, and fissured 
(PI, XIII). Some zones of fracturing include belts of breccia between fissures 
which afford easy access and ample depositing area for solutions, but more commonly 
narrow, thin fissures are found with cleanly slickensided , uneven walls. These ihi 
not appear to be favorable to the deposition of wide veins of lead, gold, and silver. 
In a few instances, however, they have been found to carry high gold values. Ine- 
qualities in the plane of a fissure may lead to open spaces which favor the fiirniaticm 
of lenticular enlargements in the vein. Thus in the Silver Shield and Munli'/unia 
fissures, ore made upon the benches or stretches of least dip. That the nioviniiiil 
required to open such spaces actually occurred may be seen along (iiniil Cliiii' 
fissure, where a relative movement downward on the west took pliico. Ueiipro- 
cally, in the interveninff, laore closed portions of a fracture, ore ftppe!l^^ nlnnvely 
pinched. WTien fissures pa: i|uartzite into massive limestone, lliey fii'qdendy 

spht up into a zone of,p.nastf : cracks. Thi.-; increases the widih I'l' m niiin-riil- 
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bearing area, not only by increasing the width of the fracture zone, but also by 
increasing the surface exposed to attack, solution, and replacement. This fact is 
illustrated on a small scale at the intersection of the Highland limestone by the 
Galena fissure, on the Utah level. Old Jordan mine. Again, a zone of anastomosing 
fracture planes in Umestone is seen at the outcrop of the Galena fissure (see PL 
XXVIII, A), When a fissure passes from a compact, massive rock into thinly 
laminated shales it may entirely fade out. Thus it would hardly be expected that 
a fissure would continue as strong and long in a thick shale, such as occurs in Mark- 
ham Gulch and Dry Canyon, as in a massive limestone or porph\Ty, nor as well 
in these as in massive quartzite. In short, the transmission of forces producing 
the fissure both in depth and along its strike, depends chiefly on the physical char- 
acter of the country rock. 

CTiemical factors. — The chemical character of the country rock influences the 
nature of the occurrence of ore largely in proportion as the rock is soluble or contains 
mineral precipitants. The relative action of the less soluble rocks, such as quartzite 
and impure limestone and of the readily soluble limestone, is shown by the relative 
size of ore bodies in these two types of rocks. Ore makes lean in siliceous rocks, 
more plentifully in porphyry, and largest and richest in limestone. In that portion 
of the Galena fissure which lies in quartzite under the Jordan limestone, lead and 
silver ore occurs in relatively thin, small, tabular bodies, but in those portions of the 
same fissure which lie in calcareous rocks, ore occurs in relatively wider and thicker 
bodies, as in the Highland limestone, in a small way, and in the Jordan limestone on a 
grand scale. The greater size and number of ore bodies in limestone may be seen 
from the accompanying map (PI. XL) of the underground workings of the Old 
Jordan mine on and adjacent to the Galena fissure. This instance is a type of a 
feature which was observed in various properties during underground study. 

A comparison of these long but relatively thin or tabular bodies of lead and silver 
ore, which are characteristic of fissure occurrences, with the tliicker, relatively 
shorter, lenticular bodies of copper ore which occur in limestones, presents a furthei 
illustration of the influence of the chemical composition of rocks upon* the form ol 
occurrence of ores. The copper sulphide ores, which constitute thfe main source of 
Bingham shipments, occur within the great limestones roughly parallel with the 
bedding planes. In fact, so far as observed, no ore bodies of this type have been 
found in quartzite, but all lie within limestones, e. g., in the Highland Boy, Tele- 
graph, Commercial, and Old Jordan mines. 

In this connection it may be noted that the common maxim in Bingham, that 
these ore bodies are restricted to the base of the limestone beds and lie at the contact 
with the foot-wall quartzite has not been found true. The idea seems to have gained 
credence largely through the occurrence of rich, black copper-sulpliide ore in lime- 
stone immediately over quartzite for a considerable extent. This relation, which 



and chemical study proves to be monzonite, an allied type, richer in potash. 
In thin section the porphyries, which contain a littJe free quartz, appear to carry 
a sufficiently lower proportion of potash feldspara to render them diorit« porphjTies, 
but chemical analysis reveals the presence of sufficient potash in the groundniass to 
raise it proportionally high enough for monzonite-porphyry." Under the microscope 
the extrusive rock appears" to be hornblende-biotite-andesit* and included angular 
fragments and large ill-defined areas and beds of hornblende-augite-andesite. 
Cliemical analysis, however, shows a high* percentage of potash, which tends to 
indicate that this rock is of the extrusive type corresponding to monzonite, namely, 
latite/' In brief, these closely related species appear on microscopic and chemical 
determination to be as follows: The granular intrusive, monzonite; the porphyrilic 
intrusive, monzonite-porphjTy ; and ihe extrusive, latite. 

The extnisives, so far as known, neither cany mineral values themselves injr 
induce ore deposition in adjacent country rock. The intrusives alone appear 
to be economically important. The monzonite masses that are of more imme- 
diate economic importance are the irregular laccohth at Upper Bingham in the 
vicinity of the Boston Consolidated and Wall properties, the irregidar stock at the 
head of Bingham Canyon and Muddy Fork in the vicinity of the Last Chance niid 
Nast mines, the irregular dike sill traversing Old Jordan ground and connecting 
the two above-mentioned masses, the in-egular bodies in Bear Gulch in the vicinity 
of the Telegraph mine, and Ihe body of coarse-grained rock in Can' Fork near the 
Highland Boy mine. Important masses of characteristic porphjTy occur as ineg- 
ular dikes and sills on the borders of the district — on the east in the vicinity of 
the Fortune, Winamuck, Midland, and Broad Gauge: and on the west in ihf vicinity 
of the Zelnora, Inasmuch as no evidence has been found that these several rocks 
are of distinct tyjies, and as they exhibit striking similarities, they nuiy be repirded 
for the purpose of this discussion as various facies of igneous rock vsbiib pooled 
from a common magna. 

The intrusives both contain value and have induced ore deposition in the 
inclosing country rock. One body of intrusive rock, Ihe laccolith at Upper Bing- 
ham, has been proved by extensive and thorough sampling to carrj- copper and 
gold in amounts that warrant exploitation, and no inlmsive body stuiiicd \\iis 
found to be entirely free from those metals. 

Porphyry- from the Fortune mine, which has suffered much dl•l'<l^lp^^^i(i'l^. 
contains rounded grains of pyrite. A hand specimen of porphyry- from llir Congor 
mine shows semicrj'stalline plates of cupriferous pjTiti- arnnii;i'd ali'ii^- ddiiiiic 
planes. In a slightly altered, granular to poi'ph%Titic specimen fmiti i lir Nn. 7 ii'\ cl. 
Highland Boy mine, grains of pj-rite and chalcopyrile and -.nnu' i)\ itIihI jte 

"A quflnlil»ti»e»08lr»Lsoltliiisl1[allMlQ«IraliciiaractiTl«tlrpcirphyfT?8t<-?10 .6I.IBt; CuM.fi^'r, km, i v-. V.-i ii.h. 
'■ Qiiuntllaclvf unalyiii ot the alkill» in Ihe Irwhen eiwcltoen ol the ehanLtieriitlri-ntniovi- nil. buIh -^W ai'-i; 
CbO. t.Lfi: K O. ;..28: N».0, 3.38. 
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occur abundantly along or adjacent to joint and fracture planes. Occasionally 
minute grains of these minerals appear in areas in which secondary planes are not 
visible. In the Last Chance stock, no chalcop}Tite nor pyrite was found in fresh, 
unbroken monzonite. Both metals, more particularly pyrite, occiu', however, 
along fractiu'e planes. In bleached, altered portions of these rocks small, 
irregular grains are frequently scattered throughout the mass. 

From the scientific point of view the origm of this chalcopyrite is a question 
of wide significance. The great laccolithic mass in the vicinity of Upper Bingham 
affords the most favorable opportunity for the study of this subject. This mass 
has been extensively prospected by long tunnels, crosscuts, and a deep shaft in the 
Boston Consolidated ground, and by many short tunnels, test pits, and two drill 
holes on the property known as the Wall group (see detailed descriptions of mines, 
p. 261). From underground observations, assay ILsts, examination of special collec- 
tions, and the microscopic study of thin sections, it has been possible to obtain 
considerable evidence on the occurrence of the metalhc contents in this intrusive 
mass. In general, underground observations tend to show that chalcopyrite and 
pyrite occur in greatest (luantity where the country rock has been most broken. 
Assays appear to indicate that copper values nm lower immediately at the surface 
and in the older workings, and that gold runs relatively higher near the surface. 
In the monzonite from Bear Gulch no metal is visible in the fresh rock, but both 
chalcopyrite and pyrite occiu' in broken and slightly altered rock in grains embedded 
in quartz, associated with epidote and tremolite and possibly chlorite. In samples 
of porphyry that have undergone considerable alteration the rock has become 
slightly porous and has changed to a dull, light-gray color, owing to the disap- 
pearance of the black ferromagnesian minerals, and grains of pyrite appear in 
small amounts disseminated through the rocks, and in considerable ([uantity along 
joint or fracture planes. As the alteration proceeds the amount of quartz 
increases in the groundmass in thin veinlets, and on the walls of joint planes in 
coatings or blotches. Examination of thin sections of fresh and altered samples 
substantiates these observations and affords additional facts. In sections of 
fresh, unbroken monzonite neither })yrite nor chalcopyrite is visible. Thin sec- 
tions of altered samples show considerable areas of rounded grains and chains of 
chalcopyrite and pyrite surrounded by sericite, secondary biotite, and circular 
areas of quartz in a groundmass largely made up of granular cjuartz. In short, 
the copper disseminated through monzonite appears to occur most abundantly in 
those portions of the intnisives which have suffered fracture, crushing, and altera- 
tion, and to have formed cliiefly along joint or fracture planes and subordinately 
in altered areas immediately adjacent to such planes. The occurrence of this ore 
where the country rock is most accessible to solutions or vapors suggests its 
secondary deposition (see p. 167). 
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The iotluence of igneous rock on ore within fissures, inasmuch as thi* fissures 
were not fonned until after intrusion otxurred, was not niagmatie but was probably 
exerted through the rock character and chemical composition of tlie inclosing 
walls. Valuable, persistent lodes of lead and silver ore lie entirely between nion- 
zonite walls in the Last Chance and Nast mines, and between them for considerable 
distances in the Silver Sliield mine. Their waile are characteristically well defined 
and notably persistent. Tliis is doubtless partly due to tlio fact tlial the hrui. 
massive, and homogeneous chai-aeter of the raonzonite favored the transnii^ision 
of fissure- producing forc.ejs. No favtinibk' opportunity was foniiil l<i observe 
any changes which might take place where a lode passed from one rock to another. 
Mine operators afErm that no change takes place in the size of an ore body nor 
in the value or composition of ore when a lode passes from (juartzite into igneous 
rock or vice versa. 

The walls of fissures and lodes are commonly replaced by ore, and it is 
only reasfmabie to expect that the degree to which they are rejilaced should differ 
according to the composition of the wall. In observed instances ore replai'ed 
and penetrated quurtzite walls of tlie f^ilver Shield lode only slightly. Tiie nioii- 
zonite walls of the Last fhance lode are commonly separated from tJU' jnde by 
clean sli|>s. but the altered eharadter of the hanging wall, and of the fout \miII lo 
a lesser degree, suggests that material was doubtless gained wbicli nirccteii ihc 
character of the mineral-beariug solutions. 

Oeturrenee of ore in limestone adjacfTit lo {■ntrvsirrji.—The fre(|iicrii nci'iiircncc 
of ore in the vicinity of intrusives has been widely observed. Ai Riii^'bMin ihe 
productive area is roughly limited to a region that is cbaructerizetl by i[iiru.-:ivefi, 
and within this area the largest ore bodies occur in metaniorpliosed liinrslones 
adjacent to intrusives. The opportunity thus afforded to usccrliiin the rialure 
of the relation between intrusives and ore deposition warnints a .•^omcwbiil di'liiih'd 
examination of specific occurrences. 

In the preceding section it was shown that the intrusives occur throiiehmit 
the district — in the central part as a laccolith and a stock of nionzonite. and in 
outlying regions as dikes and sills of diorite-porphyry . These intei'secl the sedi- 
ments both above and below and within the main limestone series, cut ucro-ss 
Hmestones, and in one case truncate the entire massive ore-bearing iiii'iitbeiv. 
Thus both limestones are truncated by intrusives in the sren Iving bi-twivii llic 
Richmond and Dalton and Lark mines, again near the moiilb of nciit' <iiili li, mid 
al.so at the head of Bingham Canyon. A persistent dike-sill of ninn/niiiic lies 
in the quartzite between the Jordan and Commercial Hiiii-sImiic- mull in its 
upward course it passes entirely through the upper liiiiestoii''. I'iki'- !i(mI .-ills 
extend up into the Highland Boy limestone. And many other iMi".'ulai inini- 
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sives cut the ore-bearing meiubers in the vicmity of the Old Jordan, Niagara, 
and Telegraph mines. 

In general, limestones within the region of intrusion are highly metamor- 
phosed. Beds which outside this region possess the cliaraeteristics of normal 
massive blue limestones are changed to marble adjacent to intrusives within this 
area. The various types of altered limestone include very fine-grained, dense, 
whit^ marble, coarsely crystalline white marble, and gray, black, and greenish- 
olive varieties of crystalline and semicrystalline limestone. Bedding is visibly 
preserved by the difference in the alteration undergone by successive beds. Thus 
in places bands of white marble alternate regularly with bands of grayish-black 
semicrystalline limestone (see Pis. XXVIII, B and XXXI, /?). In other places 
the areas between the white marble bands are composed of white ''sugary" sili- 
ceous material, and in others of chert layers of w^hite, black, yellow, blue, pink, 
and other colors. Occasionallv white crvstalline limestone or marble occurs in 
massive beds of considerable thickness. And finallv a limited number of sec- 
ondarj" minerals which are characteristic of contact nu»tamorphism of limestone 
are found in small amounts. 

Exceptions to these general facts were discovered. In certain rare instances 
limestone in close proximity to intrusives shows no evidence of metamorphism. 
And vice versa, a thin limestone outcropping above the general region of intru- 
sion, and at a considerable distance from any known intnisives, shows thorougli 
metamorphism. For it is now a mottled, fairly coarse-grained, crvstalline marble, 
made up of alternate white and gray wavy bands and patches (PI. XV, ^4). 

Underground, limestones are found to have been invaded by large and small 
porphyry bodies of various forms. In every case the limestone countr^^ rock is 
highly metamorphosed, usually to a coarse crystalline marble. The great bodies 
of pyritous copper ore in the Highland Boy have been found at some points in 
pi'oximity to igneous bodies. Thus intnisive rock occurs on No. 4 level in marble 
and lean ore within a few feet of the No. 2 ore body; on No. 5 level it is se|)arated 
from the No. 1 ore body by 50 to 60 feet of cherty lime; on No. 6 level it cuts 
cherty lime at a considerable distance below the No. 1 ore body; on No. 7 level 
it occurs in a cross-cut south from East drift immediatelv underlvinir the No. 1 
ore body, and on No. 8 level it lies not far from ore. Green garnet, zinc blende, 
pyrite, and chalcopyrite occur in marble 1 foot below No. 1 ore body and 60 
feet above the nearest known intrusive. Specularite is common in association 
with chalcopyrite and metamorphic minerals in tlie marmorized walls of east- 
west slip planes. 

In the United States properties various forms of intnisives have been cut, and 
in some places copper ore was found in metamorphosed limestone near these intru- 
sives. In the Old Jordan the valuable body of copper ore which was exposed tluough 
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tbe Clark raises was found on and below the No, '2 wp3l drift to lie in immedia'to 
contact with the irreRular. wedge-shaped, sill dike. It is doubtless a portion of 
the same sill that outcrops between the Jordan and Commercial Umestonvs, iind 
ia found at several points in the Commercial mine to have broken up into the 
Commercial limestone. In the I'tah nortli drift, Old Jordan mine, where the poi^ 
phyrj' breaks irregularly across and tnclo.>ies ijuartzite (see PI. XXH) it also contains 
horses of limestone altered to marble, carrying a little garnet in association with a 
few giains of chalcopyrite. In some places, however, lean ore seems less directly 
related to narrow dikes in it« vicinity than to certain fissures. In the Niagara mine 
copper ore occurs in close proximity to narrow dikes at several points, and lean ore 
through a considerable extent lies upon monzouite. In the Telegra])lj mine, on the 
Proctor and Evans levels, a number of dikes and sills cut the hanging wall at a con- 
siderable distance above the main copper shoots. The proximity of monzonite and 
ore here seems exceptional. At the top of the raise from the Tribune level to the 
Grecian Bend level, Kulphide copper ore occurs over limestone and immediately 
under monzonite. Both tj-pes of country rock are here much altered. 

The valuable bodies of sulphide copper ore in the Commercial mine occur within 
an exceedingly metaniorpliosed limestone thai is closely included between the above- 
mentioned sill on the south and the extensive Binghan} laccolith. The main sill 
breaks up into barren marble at two points on the working level at some distance 
below the main shout. And on the upper or old adit level it appears as the foot wall 
and perhaps as the parent of two dikes, wliich penetrate altered limestone beneath 
the main shoot. One of these dikes is traversed by seams of sulpliide copper ore, 
and at a poiuti where the dike wedges out. near the main ore shout, it ia penetrated 
by nari-ow veins of cupriferous pyrite. This su^ests, although not cimclujiiVely, 
that the period during which the copper ores were deposited was later than the dkte 
of intrusion. 

In a number of mines in which ore occurs in contact with calcareous members, 
intmsives have been encoimtered. In the Fortune mine ore was deposited along 
a alickensided contact between quartzite, with occasional beds of black shale, and 
overljing porphyry. In a crosscut on the Contention level porous p_\Titic tue abuts 
against a vertical wall of decomposed, siUcified. and slightly pjTitized porjihjTy. 
Fre<|Uently calcareous shale imderlj-ing the porphjnT has been altered to jioroua 
quartz (see PI. XXXIII, A). The relative dates of this intrusion anti of ihc deposi- 
tion of the ore were not positively determined. In the Congor mine ore occmv in ,; 
hand of gouge, which lies upon an intrusive in an overlying, fraciuriMi. rjil'iiicous 
quartzite, and in seams and erains within the sill. In the Broad tlaugi' iniin' i In' ore 
occurs in thin lenses i 'd quartzite under iiiliu-ivi' mck, 

from which it is separate s m quartzite. The exteii!.i\ i' l»..ly of 
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drich ore found in the Winamuck occurs in a fissure under a hanging wall of 
calcareous shale about 300 feet west of a strong dike. 

The above descriptions include facts which have been observed with regard to 
the occurrence of ore in Umestone in relation to intrusive bodies. It appears that 
the great bodies of copper ore are restricted to thick limestones which have been 
subjected to extensive intrusion and have undergone intense metamorphism. In 
several places copper ore occurs in close proximity to intrusives and is intimately 
associated with characteristic contact metamorphic minerals. These general and 
specific facts of occurrence thus tend to show that a genetic relationship exists 
between the large ore bodies in limestone and the intrusives. Accordingly it would 
appear advisable, in prospecting for such copper ore, to seek limestones which have 
suflFered metamorphism by intrusives and to explore those portions which are in 
general adjacent to the intrusives. 

Values, — No constant relation between character of inclosing rock and value 
of inclosed ore was definitely determined. In a broad way, however, the following 
points appear to be generally recogniized — ^^that the highest copper values occiu' in 
the enriched bodies in limestone; that the highest lead and silver values occur on or 
adjacent to fissures in limestone; that the highest gold values occur in certain fis- 
siu'es in quartzite, and that the highest zinc values occur in fissures in monzonite. 
The matter of change of values with change of country rock has been frequently 
studied in other camps under favorable conditions and distinct changes have been 
detected, but in Bingham circumstances were unfavorable for such an examination. 
Mine operators engaged in extracting: ore froni fissures which traverse a composite 
country affirm, however, that theV have' obsei'ved no change in values in passing 
from quartzite into monzonite or vice* 



'"e ^ 



! !.l 



RELATION OF OCCURRENCE OF ORRTO I?j^^ORMATION OF COUNTRY ROCK. 

In Bingham, fissures, as passages for ore-bearing agents and as fault planes 
on which ore bodies have been displaced, are the most important features of 
deformation. Complex and recurrent fissuring, fracturing, and crushing of an 
intense character took place at several periods throughout the district, and are the 
chief causes of the extreme complexity of structure and consetjuent difficidty of 
exploitation. Fissures in limestones in the vicinity of intrusives appear to have 
been one condition essential to the formation of valuable bodies of copper ore. Joint- 
ing in intrusives afforded passages for solutions and spaces for deposition of ore. 
Folding, though recognized on a minute scale and also on an extensive scale, has 
not been found to have significantly afl'ected the occurrence of ore. Deformation 
by intrusion and extrusion may, and in some instances does, affect the continuity 
of ore bodies. 
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CTiaracter of fmctuifii.— The fractures of Bitigliani vary widely in ppuera^ 
chaiactor. They range fi-om a iiPtwork of irregular crai^ks aud zones of intense 
crushing to simple individual iissures and zones uf fisaurps. The tj-pe which most 
commonly hears ore is a simple fissure characterized by a zone of finely comminuted 
gouge, averaging I to 4 ftet in width and in<'losed between slickeiisided walls. 
When such fissujvs carry ore, as along portions of the Galena, Silver Sliield, Wina- 
muck, Last Chance, and Montezuma fissures, they constitute normal veins. GroujM 
or zones of fissures of this type are occasionally encountered. When they are ore- 
bearing, as in an instance on the Last Chance mine, British tunnel level, lliey con- 
stitute lodes. Tliis characteristic lode consists of a zone of cmshed, altered, slightly 
mineralized inonzonite, 8 t^ 10 feet wide, lying between slickensided walls uf the 
same n»ck and traversed hy two strong veins and a number of minor seams. There 
are many gradations from these two most important types. One of these which 
directly influenced the formation of some of the principal or*^ bodies in Bingham 
cjjnsists of an indefinite series of parallel fracture planes or fissures, each of which, 
unlike those which grouped in a crushed zone form a lode, preserves its individual 
character and cuts the country in a direction roughly parallel to the strike and dip 
at an angle steeper than that of the bedding. A typical example of this class of 
fissures is in the Highland Boy mine, near the face of No. 6 level (see PI, XXXI, .4). 

Another type of fracturing is exhibited by a complex network of fracture 
plane.s which occurs throughout the monzonite mass in Copper Center Gulch, 
So completely has this rock been thus broken up that one is practically unable to 
obtain a hand specimen a few inches in width which does not show these planes. 
This character of regional crushing is seen in quartzite along the loadside in Mark- 
bam Gulch below the Ben Butler, and in black shale in the Red Wing niiiu'. Again, 
single fissures formed by movement roughly along contacts or between sedimentary 
beds are common, and frequently carry ore. In the Fortune ore was dejuwled 
along H plane of movement between a massive quartzite and an overlying porpiiyry 
sill. In the Montezuma the ore bodies formed for a portion of their extent along a 
plane of movement between two beds of black shale. 

Distribution of fismires. — Fissuring took place in all [larts of this district and 
appears to have reached a maximum in the region about llie bead of Bingham 
Canyon, Muddy Fork, and upper Carr Fork. The intense fissuring and faulting 
which characterize this region ext^-nd north through ground oi)ene<l by (lie Lust 
Chance, Naat, Boston Consolidated, Highland Boy, York, and Pelru iiiiin'^: xmth 
through Ashland, Albion and Neptune ground; and east tliruugli Ulil .Inriinu, 
Commercial, Niagara, and Telegraph ground. The crusliing, frmiuiiiij:, iiinl lis-^ur- 
ing which have occurred ia sneral region are beyond dcluiJi'd i!i'"'ii'iii,.n 

Only a comparatively small poruon of the several hundred fissures <i\---\ \<-'\ im.lcr 
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ground are recognizable at the surface, and only a few of these can be adequately 
represented on a map of the scale here published. 

Strong fissures are not limited in their occurrence, however, to this particular 
area. Among the large number which have been found north of this locality are 
the Midland, Winamuck, and Dixon fissures in Main Bingham Gulch; the Julia 
Dean, Amazon, Liberal, Montezuma, Hoogle}^ and Rosa fissures in Markham 
Gulch; the U-and-I fissure in Dixon Gulch, and the Phoenix, Coromaadel, and Cuba 
in lower Carr Fork. Types of strong fissures to the south of the central locality 
may be seen in the St. James, Eagle Bii-d, and Queen fissures. In brief, strong 
Assuring has taken place throughout the Bingham district. 

Trends and dips of fissures- -During underground work, in the course of which 
all accessible workings were visited, the trends and dips of fissures were carefully 
noted and recorded. The facts included in these records regarding the trends and 
contents of fissures have been assembled with great precision and are presented 
in diagrammatic form on PI. XXIII. Another diagram summarizing the dips 
and contents was drawn up for study. Although such diagrammatic representa- 
tion fails to bring out certain facts (e. g., the relative importance of a trend when 
several fissures have the same course, so that it must be represented only by a single 
line) it is believed that these failures do not seriously militate against its truthfulness 
nor destroy its value in presenting the general facts. These two diagrams, together 
with the original records, form the basis for the following general conclusions 
regarding the trends and dips of fissures as well as the apparent relation between 
trends and dips and mineral contents. 

In general it appears that the fissures noted in which no metallic contents 
were observed trend toward all points of the compass in about equal numbers. 
If any distinct group of fissures is indicated by these trends, it would appear that 
the greater number trend north-northwest, nortji, or north-northeast, that is, 
between N. 25® E. and N. 20° W. The observed fissures which inclose same metal, 
but insufficient to pay for mining, trend with a few known exceptions northeast- 
southwest. And far the greater portion of these lie between N. 5® and 43® E. 
Finally, over 84 per cent of the observed fissures known to carry pay ore trend 
northeast-southwest, ranging between N. 5° and 43° E. Among them are included 
the Montezuma, Erie, Dixon, St. James, Colorado, Neptune, Spiritualist, Last 
Chance, Silver Shield, IT-and-I, Tiewaukee, Ferguson, and Nast lodes. Those 
mentioned from the Colorado to the Nast, inclusive, trend between N. 39° and 46° E. 
Among the very small number of exceptions to the prevailing northeast trend of 
pay lodes are the Phoenix, Daylight-Extension, Winamuck, Iloogley, and Mid- 
land. In brief, of the cases observed, the barren fissures display no distinct trend, 
the poorly mineralized fissures and the pay lodes with very few exceptions trend 
northeast-southwest. - 
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The meftsiirenienfa of dips indicate tliat of tbose obserred far the greater 
portion of thi> bnrn^ii iissures dip towarii tlip northwest, that a Utile more than SO 
per cent of the poorly mintTahzvd fissures dip toward the northwest, and that over 
85 per cent of the pay lodes dip toward the northwest. Very few gently dipping 
sUps or fi-ssures were found. Over 90 per eent of the pay lodftt observed dip between 
45' and 'JO". In brief, the prevailing dip of boJh barren and mineralized fissures 
observed is toward tlie northwest, and the prevailing degrees of dip noted are from 
45° to 00°. 

Relative dates of figsuring. — Tlie determination of the date of formation of a 
6s8ure or serie* uf fiSMures, relative to llie daK* of fonnution of otlier fissures or scries 
of fissured, is of obvious economic value. Wien the order of their origin is ascer- 
tained it liecomes possible to slate wliicb series of fissures existed before the period 
of mineralization, and thus may have been minerahzed; wliicb have been found lo 
be the main depositories of pay ore; and which have been formed since the period 
of mineralization and are thus not only barren, but may cut or fault ore bodies. 
For the establislunent of these relationships interst'ctions, trends, dips, size, con- 
tent, and jjliysical character are significant. Although the evidence is not com- 
plete nor without apparent slight conlrudictioiu), it ck*arly indicates that fissuring 
occurred at distant periods before and after the deposition of ore. 

The plexus of fissures in the Commercial mine appears to have been formed 
during at least two distinct periods. All fissures obse^^"ed are later than tlie Jntni- 
sivee. Some evidence renders it probable that premineral fissuring occurred in 
east-west directions, while it is not unprobable that the great northeast-southwest 
series of fissures of premincial date, exposed in the Old Jordan, may lie fnund to 
exist in this pntperty. .\fter tlie deposition of copiier oiv ini|ii)rtimt faulting 
occurred on planes trending, in gencrul, east-west, and was followed by riiulling on 
planes trending north-south and northeast-southwest. Li tlie Old Jordiin mine 
fissuring occurred during at least two main periods, and possibly three. It i.s clear 
that fissures were fonned before the periiKl of deposition of lead and silver ore. tbal 
after the formation of the copper ore an extensive northwest-southeast fault devel- 
oped, anil that faiUting then took place along a series of northetist-southwesl planes. 
Li the Last Chance and Nast mines a large series of stronp, wetl-di-liiieii n(irllicji~i- 
southwest fissures rent the igneous country rock; these were iiiiin'riilizi-d « iili lead 
and silver and then suffered later movement alonp and also transvnvc ! r. i lie pinner 
of the original fissures. In the Higliland Boy it appear-s that lissuiin^ bi-fure the 
periixi of deposition of copper produced planes trending roughly etiHt-wi'-.! with tlio 
strike of the bedding and dipping north at an angle steeper lliitn llu- iii'iiilin;.'; lluit 
after the deposition of ore strong faulting took place on fissure-, w 'i.iM' ini;id- mnge 
from north-south to northeast-southwest, and also that movenu-nl nii'iirri'd nn tlie 
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east-west planes. No concrete evidence was procured regarding the existence of 
north-south fissures before the east-west fissuring occurred. Facts observed in the 
Petro, York, Phoenix, and adjacent workings indicate that strong fissuring in 
northeast and southwest directions preceded mineralization, and that movement 
occurred after mineralization along north-south, northeast-southwest, and northwest- 
southeast planes. In the Montezuma a strong northeast fissure arid minor parallel 
fissures were formed previous to the deposition of lead and silver ore, and were 
deformed and faulted on fissures trending northwest-southeast. Minor postmineral 
movement has taken place on the northeast-southwest planes. As lead and silver 
ore makes out from the main northeast-southwest vein along northwest-southeast 
step planes in certain cases, however, it follows either that some northwest-southeast 
fracturing occurred before the main period of mineralization, probably contempo- 
raneously with the northeast-southwest fissuring, or that some mineralization 
occurred subsequent to the main period and subsequent to the main northwest- 
southeast fissuring. 

These facts indicate that the principal fissuring occurred after intrusion; that 
extensive fissuring in northeast-southwest (and north-south) directions preceded 
the deposition of the principal lead and silver ores; that some fissuring probably 
occurred on east-west (northwest-southeast) planes before the deposition of the 
copper ores; that faulting along northwest-southeast and east-west planes followed 
the deposition of the main copper ores, and that pronounced movement on northeast- 
southwest (and north-south) planes followed both the northwest-southeast faulting 
and the deposition of lead and silver and copper ores. In brief, fissuring occurred 
successively in northeast-southwest (east-west) , northwest-southeast, and northeast- 
southwest directions in at least three distinct periods. 

When viewed in the light of these conclusions, the facts indicated by the map 
of trends (PL XXIII) assume additional significance. The northeast-southwest 
richly and leanly miuc'«lized fissures, as well as the limited number of east-west 
fissures and the few northwest-southeast ones of the same grade, would seem to 
belong to the series wliich developed before the deposition of ore. Among the large 
number of barren fissures indicated, those in the groups trending northwest-southeast 
and east-west doubtless developed during one period of postmineral faulting, and 
those in the groups trending northeast-southwest and north-south doubtless orig- 
inated during the subsequent period of postmineral faulting;. Not all of the barren 
fissures, however, necessarily originated after the period or mineralization. Some 
of them may have been formed contemporaneously with the early premineral 
fissures, but were for any of several reasons inaccessible to mineral-bearing solutions. 

Geologic dates of fissurin/f. — Evidence which would precisely establish the geo- 
logic dates of the chief periods of fissuring was not found. Although fracturing 



and fissuring may have occurred before intrusion, and doubtless took place in eoii- 
nection with it, the earliest fissuring recognized cuts intrusives. These intrusives 
occur in upper Carboniferous beds. Accordingly, the earliest period of fissuring 
recognized did not take plat^e before upper Carboniferous time. 

The later time limits of fissuring can not be definitely fixed owing to the absence 
in this region oUnids of later date. The andesitc flow in the eastern pari tif this 
district is the latest formation recognized. On broad grounds this may be tenta- 
tively considered contemporaneous with the Tiniic extnisive, of posl-Wasalcli 
Eocene date," and with the great extrusive between the Wasatch and T'inta ranees, 
of late Tertiarj' date. On this assumption, fissures obsei-ved in the Bingham tunnel 
to traverse the extrusive in north-south, northeast-southwest, and northwest- 
southeast directions may be regarded as more recent than late Tertiary. 

The relation of these fissures to the various systems which traverse tlie Carbon- 
ifentus could not be ascertained, t'nderground evidence of recent movemenis 
appears, and it is quite probable tljat movements are still in progress. The ciila 
at hand indicates, then, that the earliest fissuring recognized did not take p;a<c 
before upper Carboniferous time, and some probably occurred in late Tertiary lime, 
and that movements are probably still in progress. 

Displaferwnt on iissuren. — In connection with the extensive and complex frac- 
turing and fissuring which prevail in Bingham, important faults frequently iiii'ur. 
Their complexity, largely due to their formation at several periiids, and ll.e absence 
of distinctive horizons in the generally uniform quartzite suitable for datUTii phiTirs, 
render their solution specially difbcult. In some localities, however, (he <oiiinrts 
of the main mineralized limestones and of certain relatively thin sliale nicnilicrs 
with inclosing quarlzites afford the necessary* datum planes. Thus great liinUs and 
zones of faulting have been found to rut the great limestones, and to tnim-ulc 
included ore bodies, in the divide between the head of Bingham Canyon luid Mudtly 
Fork and in the. country immediately to the northwest between CaiT Fork mul 
Cottonwood Gulch. 

In the Old Jordan mine there is an intricate system of faulting, Con^idciiiTlnii 
of the characteristic features of some of the principal faults sho\v.~ that two jLiiiin 
types of faulting may be recognized in Old Jordan giound. One is excin]ili(i('ti by 
a strike fault that trends northwest, roughly parallel with the strike, nnd ili|>s 
southwest, against the dip of the Jordan limestone; the otiicr comp^i:^cs dip laiiils 
that trend northeast, roughly parallel with the dip nf the bpfls, rtud <ll[> ^iiiiilic!i>t. 
The fault of the former type has elevated the northern, or ■ 'i^m n-ilic-dip ' -i<lr, 
and thus produced a structure that roughly resembles an arch, wliirli in ilii- in-hiiii.- 
ia known as the "Jordan roll." It is a step fault, with upthnm Im tin iiinilir.i-i 

nStulth, G.O.. OeologrmdmlulnBlnaustry olttiuTlnUudlatrtol., L"[ah: NlnMi'riilti Atiti |;i].i i - -,ii.i,(,i 
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along a plane that extends N. 40° W. and dips southwest at an angle of 40°. The 
amount of displacement varies from point to point, and recent detailed investiga- 
tion leads some to consider the gross displacement to be the composite product of 
many displacements along adjoining parallel planes. The aggregate displace- 
ment, measured on the fault plane in the western portion of the mine at the Clark 
raises, appears to amount to between 240 and 275 feet. The economic importance 
of this fault lies in the fact that it cuts off a valuable body of rich sulphide copper 
ore, and raises it to the surface, where it has been oxidized, and whence it has been 
followed down on its normal dip northward to the Utah level (see PI. XLI, ^1). 

The faults of the second type seem to have occurred later than the strike fault 
which formed the Jordan roll, and to have severed that earlier structure into 
distinct blocks. Among the large number of faults of this type, two, the Galena 
and the Robbie fissures, have been explored with special care and have yielded 
valuable information. They trend N. 29° to 40° E. and dip 75° to 80° toward the east. 
In the portion indicated on the longitudinal section through the mine (PI. XLI, B) 
the contact of the Jordan limestone with the foot-wall quartzite has been ofl'set 
in the plane of the section on the Robbie fault fissure 00 to 100 feet, which is e(|uiv- 
alent to a vertical elevation on the west in this plane of about SO to 90 feet; and 
on the Galena fault fissure approximately 30 feet, which is ecjuivalent to a slightly 
smaller vertical elevation on the east in this plane. If the interpretation of these 
displacements is correct, the broad effect of this faulting has been to produce a 
trough by the relative lowering of the block included between these two faults. 
Other faults are shown on the vertical sections through this mine represented on 
PI. XVI. 

The ore bodies in the Commercial mine, lying in the country' rock adjoining the 
Old Jordan on the north, have suffered large displacements by major faulting and 
have been cut by a complex network of minor faults and fractures. The principal 
fault revealed at time of visit occurs along a zone of marked fracturing, trending 
east and west and dipping S0° toward the north. This fault truncated the main 
ore body and dropped it down on the north side over 100 feet. Another strong 
fault which has been cut on six levels resulted in relativelv offsetting the western 
member along a north-south plane for about 100 feet to the north. On the upper 
levels ore has been cut at several points by well-marked faults which had not been 
proved up at time of visit (see detailed descriptions, p. 254). 

In the Telegraph and Giant Chief mines, farther east, a well-defined faulting 
fissure, known as the Giant Chief fissure, has been opened. On the Roman Empire 
level it trends X. 30° W. and dips 45° to 70° to the southwest. From the facts 
obtained in the Roman Empire level and in the accessible workings of the Giant 
Chief mine, it seems probable that the limestone has been displaced on this fissure 
250 to 350 feet southward on the west side. 
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No more intense nor complex c.msliing and faulting was encountered than that 
dxBCovered on the south side of Muddy Fork, in the workings of the Boston Con- 
solidated Mining Company, In the Ingersoll tunnel the ore ho<ly is truncated on two 
sides by faults, whicli were accompanied by intense crushing. And recent explora- 
tion has revealed on the Work and Peabody levels a body of copper-sulphide ore 
which is bounded on either side by zones of crunhing and faulting. In following 
this shoot down below these levels u flat zone of crushing has been encountered. 
If this proves to be a flat fault it will add another type of faulting — one which has 
not been i-ecognized as common in Bingham. At tune of detailed examination, in the 
Highland Boy mine, strong Assuring and considerable faulting were apparent. 
But at that early period in the mine's history development was being directed 
toward exploitation of the large ore bodies, and had not proceeded sufficiently to 
reveal the exact nature of certain important faults (see detailed descriptions, p. 264). 
True scale sections, based upon special observations and precise measurements at 
each point of the mine workings that lay in the planes of the sections, indicate consid- 
erable faulting of at least two types. A transverse section through the No. S raise 
indicates that the contact of the northward-dipping limestone with the f{iot-wall 
quartzite has been fauU*d at this locality on several fissures trending east-west aod 
dipping to the north and south. The principal displacements of this .scries appear 
to have occurred on planes that dip steeply northward, and to have resulted in the 
downthrow of the northern side. In the most striking instance this pnilinhly 
amounted to a movement, on such a plane, of 125 to 1-50 feet. The general I'lfect 
of such downthrowing on the north is apparently to increase the dij> of the lime- 
stone and its inclosed ore bodies. A longitudinal section shows another lypi.' of 
faulting characterized by planes which are either vertical or steeply inclined toward 
the cast and trend parallel to the direction of the dip of the bedding. The dnwu- 
throw on this series of planes is usually on the east and is not known to e.M-i'cd 
75 feet (PI. XLIV, B). Displacement of ore bodies along northeast -south \M'st 
fissures, which though unproved in 1900 was suspected while sections wciv in 
preparation, has been revealed in the course of subsequent extensive ore extraction, 
Thus, in the No, 1 ore body, where development is most extensive, the cvideiKv, 
though still incomplete, su^^^sts strong displacement by whicli the eastern member 
has been considerably advanced toward the north. ,\Jthough no iulcrsoclion of 
this series of faults with the strike aeries has been observed, correlatcil (■\ idencc 
renders it probable that these north-south and northellHl-soutllw^•.^l I'liiih^ nn- of 
later date than those which trend east-west. 

In the country immediately north of the Highland Boy propi'ity a M'rics nf 
faults, cut across tlie thin, well-marked Petro iimesluiie. trend in ii iff 
northerly ilirection, roughly in line with its northerly dip, and dir-pjiici' il -lii'litly 
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It appears that the downthrow is about equally distributed between the eastern 
and western members, that in a majority of cases, though not in all, it is on the 
side toward which the fault plane dips, and that the amount of downthrow varies 
from small distances to 27 feet on sin2:le planes, and to 50 or 55 feet on a zone of 
fault planes (see detailed descriptions, p. 264). 

In Petro ground this limestone is cut by a differential or torsional fault. This 
is characterized by a plane which trends northwest-southeast and dips, in general, 
steeply toward the southwest. It appears that the country on the opposite sides 
of this fault was oflFset unsymmetrically and revolved about a common pivotal point, 
the northeastern side inclining toward the southeast and the southwestern side 
inclining in the reverse direction, or toward the northwest. This is proved by the 
differential oflFset observed along the plane of movement. Thus at the pivotal point 
no displacement is apparent. Away from this central point of no relative movement 
to the northwest, the depression of the southwest side relative to the northwest 
side increases from 2 feet to 4, 6, and 20 feet. On the opposite side of the pivotal 
point, toward the southeast, the displacement of the same member southwest has 
changed from a relative depression to an elevation which increases from to 4, 
then beyond to 12 feet, then decreases to 4 feet and less. Another most interesting 
example of this differential faulting has been proved, it is stated, in the 50-, 200-, 
and 300-foot levels oflf from the Galena shaft and in the Pello and Yankee tunnels 
in upper Bingham Canyon." The displacement on this plane appears to have 
been of a diflFerential or torsional nature about a common center, inasmuch as 
the eastern side was relativelv lowered above the 5()-foot level and relativelv raised 
below that level. 

The Winamuck ore bodies, from evidence afforded by geological structure on 
the surface and underground, and by the lode, appear to lie in a fissure vein on which 
marked faulting occurred. The basis of this suggestion is found in the following 
observations : That the locus of minerahzation is a zone of notable deformation and 
movement; that the hanging wall is greatly crushed and is cut up by planes of move- 
ment parallel to the main plane ; that the shale hanging wall does not persist on all 
levels, but gives way to quartzite ; that the strike of the vein (S. 40° to 60° E.) is obUque 
to the strike of the bedding observed at the surface (N. 60° E.) and to that of appar- 
ent bedding observed underground. These suggest that the Winamuck vein is on a 
fault fissure which trends northwest-southeast, cuts north-dipping quartzite and 
calcareous shale, and displaces them so as to bring shale in the hanging abnormally 
against quartzite in the foot. This o])inion is given tentatively as a suggestion for 
those wlio may have opportunity to make a tliorougli examination of the surface 
and cwtain important portions of the underground workings which were inacces- 

aXone of theae workings were accessible at time of visit. The description is based on information kindly supplied by 
Mr. A. F. Holden. 




144 OKOLMtV OF HirftlllAM MINING DISTKIOT. 



sible at the time of the wTiter's visit. Its final statenipnt must await ilfiniii il 
and thorough examination of the property. 

The ttbi>v« descriptions Mnbrare some of the beet-knoi\-n faults of the vaiious 
types which have been found cutting ore bodies in Hiufjlittm. As such ihev indicate 
the cliarttf.t«r of others which may be encountered in future exploration. They 
include faultB trending with tlie strike of the sediments and trending with and 
oblique Ut the dip; faults trendiiij^ transverBO to the strike and dipping in either 
direction: faults whose probable inclination departs only slightly from (he hori- 
zontal; faults trending: with the strike luid others trending with the dip in which 
differential movement of a torsional character occurred. There appears to have 
been no singU* direction of movement. Neither does any regular relatioi] Keem to 
exist between trend of fault and direction of displacement, nor between di|) of lault 
and direction of displacemeul. It appears that displacenu^nt may be expected in 
any direction; that there la no constant relation between the direction of disphnc- 
ment and the dip or strike of a fault plane, and that the anunint of displacenu'Ut 
proved undei^ound rarely exceeds 1.50 feet, and, except on innumerable ruiimr 
faults, averages between 50 and 100 feet. 

It is probable that important laults within this area have not yet been eiicnun* 
t<red underground. It ia believed that in one or two instances these may include 
types not yet proved in Bingham, but evidence concerning them ia diflicull to obtain. 
Outside oE this district, both to the north and south, considerable fiiuliiug probably 
occurred, and future stratigraphic study in conneetion with the sienenil stnicTun> 
of the Oqiiirrh Kange will probably reveal important and perhajis jriviit fiiult^. 

Ej'tent of /fj*«arr«.— Although fissures abound throughout I he Hinj;l'tini ili-uiil, 
their comparatively limited development alfonls inconipli'te evidctirc n~ In their 
exlentliorizontaily or indepth. The maximum extent to which any iihsuri' Im.- Iin-u 
continuously explored is less than 4,000 feet horizonlally and less than 7.ifJ Icel verii- 
cally. Though fault fissures from 3,600 to 4.000 feet in length are indicated on the 
map showing the areal geology, these have not been followed continuously Im- t\\r 
distance indicated, and may or may not be continuous lis.-iures. So far ii'- uli-iiviil 
fis.sures have rarely if ever been found to give out completely. 

The fissures which have been most extensively explored are the Galena, Kaiile 
Bird, Last Chance, and Nast. These have l>een opened as Toliowsr The (talena 
between .3,400 and 3,500 feet along its trend and between (i-^O and 7.i') feet 
vertically; the Eagle Bird about 500 feet along its trend and "sT on iin p.rrc|> dip; 
the Last Chance 2.300 to 2,400 feet along its trend and about ."»7."j fed \t iiiinllv , 
and the Nast (it is reported) for 1,700 feet along the tunnel levi-l. Tlir hriuiiml 
development on the Galena lode was not accessible at liini' nl' \i-ii rnul Hn 
exposures in lowest workings were drowned. It is repoi'h'd, lio\\rM-r. ihiil lln 
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ground are recognizable at the surface, and only a few of these can be adequately 
represented on a map of the scale here published. 

Strong fissures are not limited in their occurrence, however, to this particular 
area. Among the large number which have been found north of this locality are 
the Midland, Winamuck, and Dixon fissures in Main Bingham Gulch; the Julia 
Dean, Amazon, Liberal, Montezuma, Hoogley, and Rosa fissures in Markliam 
Gulch; the U-and-I fissure in Dixon Gulch, and the Phoenix, Coromandel, and Cuba 
in lower Carr Fork. Types of strong fissures to the south of the central locality 
may be seen in the St. James, Eagle Bird, and Queen fissures. In brief, strong 
Assuring has taken place throughout the Bingham district. 

Trends and dips of fissures. — During underground work, in the course of which 
all accessible workings were visited, the trends and dips of fissures were carefully 
noted and recorded. The facts included in these records regarding the trends and 
contents of fissures have been assembled with great precision and are presented 
in diagrammatic form on PI. XXIII. Another diagram summarizing the dips 
and contents was drawn up for study. Although such diagrammatic representa- 
tion fails to bring out certain facts (e. g., the relative importance of a trend when 
several fissures have the same course, so that it must be rej)resented only by a single 
line) it is believed that these failures do not seriously militate against its truthfulness 
nor destroy its value in presenting the general facts. These two diagrams, together 
with the original records, form the basis for the following general conclusions 
regarding the trends and dips of fissures as well as the apparent relation between 
trends and dips and mineral contents. 

In general it appears that the fissures noted in which no metallic contents 
were observed trend toward all points of the compass in about equal nunibers. 
If any distinct group of fissures is indicated by these trends, it would appear that 
the greater number trend north-northwest, nortji, or north-northeast, that is, 
between N. 25° E. and N. 20° W. The observed fissures which inclose some metal, 
but insufficient to pay for mining, trend with a few known exceptions northeast- 
southwest. And far the greater portion of these lie between N. 5° and 43° E. 
Finally, over 84 per cent of the observed fissures known to carry pay ore trend 
northeast-southwest, ranging between N. 5° and 43° E. Among them are included 
the Montezuma, Erie, Dixon, St. James, Colorado, Neptune, Spiritualist, Last 
Chance, Silver Shield, U-and-I, Tiewaukee, Ferguson, and Nast lodes. Those 
mentioned from the Colorado to the Nast, inclusive, trend between N. 39° and 46° E'. 
Among the very small number of exceptions to the prevailing northeast trend of 
pay lodes are the Phoenix, Daylight-Extension, Winamuck, Hoogley, and Mid- 
land. In brief, c;f the cases observ^ed, the barren fissures display no distinct trend, 
the poorly mineralized fissures and the pay lodes with ver}^ few exceptions trend 
northeast-southwest. - 
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thia to be a fact. In bripf, the fissures of this district continue for many hundred 
feet along th«ir striko, and have not as yet given out in depth. They out every 
formation and every kind of rock in the district, and pass continuously from one 
into another. 

Relation of fi/tsurM of Bingham t« those oj rieUflihonng camps. — The surface 
and underground ginilogy of two other mininfi; tBiiipB in this mountain range have 
been studied in detail^the Tintic mining district," at the southern exti-emity of 
the Oquirrhs, and the Mercur mining district.'' about \2 to 15 miles south of Bing- 
ham, in Lewiston Canyon. 

At Tintic , ' ' The facts which are clearly indicated are an early series of fractures 
trending north-northwest and northwest, connected with the deformation of the 
strata, which were later intersected by a series of cross fractures trending north- 
south, north-northeast, northeast, and east-west, and which may have been pro- 
duced l)y the forces which tilted the axes of the syncline. The interrelations of 
the fractures indicate that they have not been, except in a few cases, planes for 
any considerable rock movement. They preceded the mineralization. A very 
•few fractui-es followed the mineralization and preceded the igneous activity.' ' '' 

At Mercur the vertical fissures which have been instrumental in opening the 
rocks through which they pass to the mineralizing current are generally northeast 
in trend, varying considerably, but still ordinarily keeping near the averHge iil X. 
20" E. ; they are generally vertical, with sometimes a verj' st^ep dip to the north- 
west, the angle of which is rarely le;is than Hif.'' 

In comparing the fissures of Bingham with those above described, it would 
appear that as regards trends, relative dates, and relation to mincralizniioii, llie 
early Tintic series has not been recognized at Bingham, and thiit I lie later Tintic 
series resembles the strong northeast preniineral series at Bingham. But no further 
resemblance is found, as at Bingham no fissures have been recognized as older than 
the porphyry intrusion. Between Mercur and Bingham a closer rcialion may exist, 
since the older vertical series at Mercur resembles the early premincral northeast 
series at Bingham and the later postmineral moveriieni uti inirlhcu-st plancf* at 
Mercur may correspond to similar later faultiug or to leccnt movement on ibc 
northeast planes at Bingham. 

Relalions of metallic contents to trend, dip, extent, and nliitin- ihiti. Tlie dingi'am 
showing the trends of fissures {PI. XXIII) indicates not alone the trend of each 
fissure, but also the general fact whether it exhibited pay ore. a Hi lie melHl, or 

uTomr, O. W .aod Smith, O. O., GFolog; uid mtaing iiKluitry of the Tintic dial rut. I'luL, Vm, >i mWi \iir, \wyil. 
D. 8 Otol. Surrey, 1607-48, pi. 3, pp Ml-787 

dSpuiT, J. E.. Emnnnik giwlogy ol llw Mercut miolDK (liHtrlrt, UI>h. wlUi in Inlrinlixiiniiiai iln- <i,|i|,ii]ii|i<iii.i,iiiii 
bf S. F EiDHiDiut Sltlcaalb \na. Hopt. U. S. OeoL Survey. UH-OS, pt. 2. pp, MMU. 

dSpuTT, tdem, p. 06. 
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none. It thus shows both the trends of the fissures and their contents, and the 
ratios of those carrying pay ore and low vahies to those which do not. Of all 
the fissures observed, only a few, a very small proportion, were found to con- 
tain any metal. Of this small portion, metal in about three-sevenths was very 
scanty; so that only about four-sevenths of an exceedingly small proportion of 
the observed fissures have been found to carry pay ore. The trend of far the larger 
portion of these pay lodes is northeast-southwest. A limited group of slightly 
mineralized fissures, observed, chiefly in the Highland Boy mine, trend east-west. 
The ore-bearing fissures which trend northwest-southeast are exceptional. Among 
these are the Hoogley, Winamuck, and Phoenix fissures. Those fissures which 
exhibit only a small amount of metal may be found, however, upon further explora- 
tion, to carry pay ore. Their trends are similar to those of the pay lodes, perhaps 
being somewhat more closely restricted to northeast-southwest directions. 

Less is known about the relation of pay to dip. It appears, however, that 
over two-thirds of the principal lodes dip to the northwest; and the scantily 
mineralized fissures also exhibit this habit. Furthermore, as regards the degree 
of inclination, not only the northwest dipping fissures, but all the ore-bearing 
fissures observed dip at a steep angle, which almost invariably exceeds 45°, and in 
the larger number of instances amounts to 60° or more. 

With regard to the relation of extent or persistence of fissures to their economic 
character, the two might be expected to varj' together. 

''Since the dynamic movements are confined to the crust of the earth, it is 
evident that the fissures produced by them can not literally have an indefinite extent 
in depth, though in certain cases it is very possible that this extent may be prac- 
tically indefinite, as it may go beyond the limits at which mining is practicable. It 
is fair to assume that those fissures which have the greatest horizontal extent will 
have the greatest extent in depth; in other words, that their vertical and horizontal 
dimensions bear some sort of ])roportion to each other. If, therefore, as some 1 ave 
maintained, the vein filling has in all cases been l)r()iight from some source at great 
depths in the earth, the greatest fault fissures would be expected to be the greatest 
and most frequent ore producers." ^' 

Exploration has not been carried far enough in Bingham to throw much light 
upon this question, nor to determine the horizontal and vertical extent of lode ore. 
Although satisfactory evidence was not available, some information was obtained 
from the Galena, Eagle Bird, Queen, and Winanuick veins, which have been more 
extensively explored than any others in the district. The exact extent of the ore 
bodies on the Galena fissure was not determined, as both ends of the workings, as 
well as the lower portions, were inaccessible at time of visit. Working maps show 
slopes at the extreme southwest end, while pay is stated to have falfcn off somewhat 
in its northeast extremity. The large Mammoth and Iron stopes appear to have 

o Emmons, S. F., Structural relations of ore deposits: Trans. Am. Inst. Min. Eng., vol. 16, 1887-88, pp. 828-829. 



been opened over 2()0 Icel below tlie lowest overlying surface. Although no exact 
in/omiulioQ was obtained i-eganUng the amount and grade of ore disclosed by 
exploration below these levels, both are reported to have been well mainlHined. 
Tliis portion has remained iiuexploitwl and under water, however, for several years. 
The Eagle Bird lode (oiH-ued 7S7 feet on its dip) maintained, it is reported, generally 
constant values, without notable decrease in depth in either amount or vahie of ore. 
The Queen vein yielded high-grade ore on the Queen level and about 100 feet below, 
on the Beiuis and Ulatt level. On the Butterfield level, l,0S4 feet below the Queen, 
a fissure said to have been enooimtered at the point where the Queen vein was 
expected to descend carried, il ia reported, a small amount of ore of tlie same 
«haracter as that in the Queen vein on tlie Queen level. The Winanuick lode has 
been extensively explore*! for distances of several hundred feet above and t>elow 
the lower tunnel or work level, Coniparisttn of selwted assays fmni mv at the 
upper, lower, and foot-wall workings appeani to indicate that lead and probalily 
silver ran higher in the nppei carbonate levels, and that, to a limited deplli, gold, 
copper, and zinc increase with depth. The Last Chance lode (opened for about 
.575 feet vertically) appeals to maintain its strength in depth and is reported to 
hold its grade well. In the Silver Shield vein, opened a few bundix-d feet horizon- 
tallj' and in depth, no noteworthy <!hange in either sine of vein nt>r grade of oi-e has 
been reported. In the Montezuma lode one of the ore shoots has been followed on 
its gentle pilch for ab<mt 200 feet vertically ami found to mainlaiii U'lnnBl ^rade. 
with somewhat diminishiil sijic, to u depth of over lUO feet below llu' v<\\n\- nl' ihe 
shaft. 

In their horizontal extent veins and hides oocasionally apjienr Ici pimli on mid 
to leave the fissure beyond barren. In sucli instances exploiulioii luutinui'd iiluug 
tlie plane of mineralization sometimes reveals other ore shoots v\illiin ihi- siinu' me 
body. In the Monlezunuv, at the northeast face of the tunnel level, the oir Imily 
appears tfl give out, and the fissure, after continuing barren some <!isl!iiM'e, liiCiir- 
cates. Oi-e on the Winanuick is stated to have been hisl iil the zone of violnil 
deformation known as the "fault" at the southeast end of ihe uiiue. In nilur 
instances, however, it is not improbable that extension of \v(>rking.s now riijiirded 
as on distinct fissures may demonstrate a unity nf i-erlnin lissures mid [bus iu> 
unexpected horizontal extent of individual lissures. In short, the slmniiisl (i.-.-iure.-- 
appear to be most extensive and to contain the most persistenl ore bmlic.'- llnri- 
zontally these shoots pinch out, and in some instances they ileeri'tisr in -i/i' wiili 
increase of depth; in other instances they exhibit no change. 

As regards their bnmd j;eogrii[.lii.-iil -■xteiil, the jinnbifl i\ e ludi^s mid vins iir-' 
not restricted to a single locality. In the ground at the upper portion of Binghni 
Canyon, which, it should be recalled, has been more thoroughly explored tlniu m 
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other in Bingham, the largest productive fissures have been discovered. They 
include the Giant Chief, Silver Shield, Galena, Robbie, Neptune, Last Chance, and 
Nast lodes. South of this belt lie the productive Eagle Bird, Queen, Bemis and 
Hiatt, and St. James lodes. To the north are the York, Petro, and Phoenix lodes. 
And beyond, in the Markham Gulch region, are the Hoogley, Montezuma, JuUa 
Dean, Winamuck, and other lodes which have produced high-grade ore. Valuable 
ore has been mined from fissures outside of all these areas, and it is believed that 
some of the less explored fissures, as well as some as yet undiscovered, may prove 
highly productive. Of those lodes which hav(» been worked, however, the most 
valuable he in the belt of ground which extends from Bear Gulch west across the 
upper portion of Bingham Canyon to Muddy Fork. 

There are, then, many barren fissures wliich aj)pear essentially indistinguishable 
from ore-bearing fissures except by actual observation of mineral contents. It is 
greatly to be desired, for use in exploration, tliat some means for discriminating 
between the two might be found. Size alone apparently affords no clue as to which 
originated before and w^hich originated after the deposition of ore, though in general 
it is perhaps true that the strongest fissures are more likely to be found productive. 
The strongest northeast fissures known, though tliis may follow^ only as result of 
intention in exploration, are of premineral date. Furtlier, since fissuring appears 
to have recurred after the deposition of ore in the same general directions that wxre 
followed by fissuring which originated before the deposition of ore, no precise dating, 
and thus no division of pay and barren fissures according to trends alone, seems 
practicable. Thus, although it is true that the great fissures of premineral date 
trend northeast, it is also true that strong barren ones trend northeast. Although 
in many cases the ore-bearing fissures are seen to trend just about northeast- 
southwest, and postmineral fissures which cut them to trend a Uttle more northerly, 
evidence now available does not afi'ord grounds for rigid division between the barren 
and productive northeast-southwest fissures. In short, the strongest veins and 
lodes, almost without exception, belong to the earliest northeast-southwest series, so 
strong northeast-southwest veins and fissures are the most favorable for exploration, 
but since some of these are known to be barren, in some cases because they were 
not formed until after the period of mineralization, it should not be expected that 
all strong northeast-southwest fissures and fissure zones will yield ore. 

PAY SHOOTS WITHIN ORE BODIES. 

In a general sense, ore occurs in zones. These may comprise entire lime- 
stone members or their thickness may be so slight that the locus of the ore is 
virtually a plane. In certain portions of such a locus the general ore body may 
become relatively enriched or relatively enlarged. Thus, in some of the gold-quartz 
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veins on tlie Mother lode. California, without any apparent change in the size of the 
rein or amount of quartz carried, the gold vahies are found, through assaying, to 
vary systematically, and often to be segregated into "chimneys." In Bingham 
the bodira of copper ore are not uniform, but thicken locally into "bunches," 
"lenses," and "chinmeys." Thest- are known as "shoots." 

Complete knowledge of an ore shoot requires n determination of its length, 
width, thickness, §trike, dip. pitch, relations to geologic structure, variations in 
value of ore, etc. -411 this knowledge is rarely obtainable, however, as it rcfuiires 
complete stope maps, assay maps, and underground maps showing the slniclural 
geology. In the examination of tliis district only n portion of these items of 
knowledge was obtainable conceniing any particular shoot. Accordingly the 
descriptions of the shoots of Bingham are necessarily general and incomplete. These 
shoots fall naturally into tlu-ee clft.sscK, based upon the cliaracter of the rot^ks in 
which they occur, viz, shoota in limestones, shoots in lodes, and shoots in igneous 
rocks. 

Shoots in limestones. —Tyfo iyp^s of ore bodies occur in limestone, those which 
are included between walls of great crosscutting fracture zones, and those wliich lie 
more strictly within the hmestone in the fonn of lenses roughly parallel to the 
bedding. The former are lode deposit* consisting chiefly of lead and sUvcr. and the 
shoots characteristic of them wiU be described under that head. The latlerare 
"bedded deposits" consbting chiefly of copper, and will be brielly deseiibed in Ihis 
section. 

The ore bodies in the limestone proper occur within the great limcsiimcs iil i>ne 
or more horizons. The general level at which they occur may extend along a plane 
of movement between bedding planes, or it may lie within a particular bed of the 
limestone. It is a common belief that these copper bodies are reslricteil tolbe base 
of the great limestones and lie upon the underlying qnartzite. Deformtilion wiiieh 
has tlu-own the quartzite into the abnormal position of immediately underlying 
certain ore bodies furnishes the explanation of this idea (see p. :i;j6). These copper 
bodies do not appear to be confined to any single horizon in the limestone. Fre- 
quently they lie within the massive marble some distance above a barren contact 
between marble and quartzite (see PI. XLIV). Again, one ore body sometimes lies 
roughly along a certain horizon and another follows a liigber bed. This phenonuMi()n 
of a succession of mineral- bearing beds is not uncommon, and if* illustniti-d by ihe 
well-defined so-called "upper' ' and "lower' ' ore body in the Ilighliuid Bii\ nnd by 
several occurrences in the United States property and elsewhere. 

Along these general ore bodies or mineral-bearing horizons, howivi-r, Ihe ore 
does not occur in equal amount at all places. Certain portions are rein tivelv ibieUe 
end richer aa compared with intervening portions wliich are relatively leaner or baii'eu 
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These enlarged portions have the general form of lenses which extend roughly along 
the bedding and terminate with attenuated irregular margins. In some instances their 
maximum dimension is their width along the strike, and in others it is their length. 
The pitch of the shoot is rarely accordant with its dip. Although these flat lenses 
lie generally parallel with the bedding, the parallelism is not exact for great distances. 
Their departure from the bedding occurs both along the strike and the dip. Although 
an ore body is often practically barren in its leaner portions, which inter\-ene along 
the strike between such shoots, its identity as a part of the same general ore body as 
that which carries notable values at the main locus is quite apparent. Some small 
seams rise from one ore-bearing horizon up across the bedding and unite with a higher 
or overlying ore-bearing horizon. 
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Excellent examples of such an occurrence of copper ore in limestone in definite 
shoots are found in the Highland Boy mine. They occur at two distinct horizons 
within the massive marble member. Those on the lower horizon include three 
well-defined shoots, known, reckoning from east to west, as the No. 1, No. 2, and 
No. 3 ore bodies. Although somewhat individualized, they appear to be enlarge- 
ments at different points along the same locus; and though their present relative 
positions are probably determined in part by faulting, they present the appearance 
of separate shoots within a single great ore body. They dip northward at angles 
ranging from 30° to 45°; strike east-west and pitch northward at angles ranging 




154 GEOLOGY OF RINOHAM MINING DISTRICT, UTA 

In the normal fissures shoots have not been so well demonstrated as in the 
cases described above. Fi-om the slope map of the Galena lode it is difficult to 
recognize the otxiirrence of ore in well-defined shoots. In the Silver Shield, accord- 
ing to some operators, a definite localization of pay was pemeptihle. A stope 
section suggests thai p«j insy have been segregated into two shoots. But develop- 
ment is insufficient to prove the question. So far as may be judg;e<] frniii stope 
sections of the Last Chance lode, the exploitation has been conducted along a great 
shoot. It baa been followed from a point about 800 feet above the Briti.sh tunnel 
and sloped intermittently from there down to the British tunnel. The extraction 
appears to have been too scattered to warrant an estimate of the size of the shoot. 
It dips southeastward at angles ranging from 65" to 90°. The pilch is obscure; 
in the lower portioo it appears to be northeastward and in the upper southwestward. 

DISSEMIMATRl) ORE 114 lONEOl'S ROCKS. 

Low-grade copper and gold ore is disseminated through the great Bingham 
laccolith, but has not been found to occur in definite shoots. On the contrary, ihe 
ore seems to be generally distributed, in the form of irregidar grains on fi'aeture 
and joint planes, throughout that portion of the body which has been explored. 
Such enriched portions as have been recognized are zones of special crushing, joint- 
ing, and general shattering of the porphyry country. The present development 
is insufficient to show whether or not higher values occur in bunches or chimneys 
within those crushed zones. 

STRUCTtTHE OF ORE SHOOTS. 

Tlie shoots, whose genera! form and manner of occurrence have been described 
in the preceding section, possess characteristic structures. In a general tten.se a 
banded structure marhs ail the ore shoota of Bingham. TJie bands dilTer from 
those observed in lead and silver shoots in lodej^i, in their relation to the form 
of the shoot, to the structure of the countrj' rock, and to one another, a.s well as in 
their composition. 

Structure of copper shoots in limestone.- — On approaching a shoot of copper- 
sulphide ore that lies within barren marble, lean ore may be observe<l in fiTlain 
beds. This gradually becomes lai^r in proportion to the barren jjortion, urul richer 
in grade until the entire bed or beds are ore. In the exlrertie imlf]' imrlinris of tliese 
shoot-3 these bands of barren country rock alternate with bands of li'iui oif. Williiri 
the shoot the original bedded character is sometime-s preserved l>y buruK of bjini'n 
siliceous material (PI. XXXTII, A). In some places in whicii virlinilly iln' cnlirc 
cooTLtry rock has been transformed into ore a roiijihly bedded stniclini' i- iis--Mriicd 
by the ore and by occasional included bands of sihceous gangiie (PI. XXXIII. I 
Though only these extremes have been described, namely, on the |>eiiphery tli 
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barren country rock in bands lying between beds of lean ore, and at the core the 
solid ore, the several transition phases may be observed in any of the largje copper 
shoots in Bingham. In the Highland Boy on various levels, but nowhere better 
than on No. 6 level, tliis mineralization of the countr}^ rock in beds is very distinct. 
At many points in the Old Jordan this relationship between bedding of ore and strati- 
fication of country rock is exhibited. On the Mill tunnel level bands of lean ore, 
composed of cupriferous pyrite slightly oxidized, are separated by rather even 
continuous bands of granular quartz. This type of occurrence appears on the 
Grecian Bend level. Telegraph mine, with rare clearness (see PI. XXXIII, A), On 
the Carpenter Shop level in the upper eastern part of the same mine tliin beds of 
ore extend betw^een barren strata for distances of 10 to 15 feet, and within the 
the shoots proper in the Telegraph, Old Jordan, Highland Boy, Commercial, and 
other mines, siliceous barren bands related to the stratification frequently occur. 
These observations point to two leading structural facts: That the prevaiUng struc- 
ture of the copper shoots in limestone is a bedded structure, and that the bedding 
corresponds to the stratification of the ^'country." 

Structure of lead and silver shoots in lodes. — The shoots of lead and silver ore in 
lodes generally show a banded structure that differs radically from the bedded 
structure of copper shoots in limestone. In the former the banding is of a seam- 
like character; in the latter it is of a bedded character. In each the bands lie in 
the plane of maximum extent of the shoots. But in the copper shoots these bands 
exhibit a general parallelism to the bedding, and in the silver-lead shoots they are 
more frequently oblique or transverse to the bedding. Again, the individual bands 
are very nearly parallel in the copper shoots and oblique and cur\ang, without direct 
relation in course one to the other, in the silver and lead shoots. The composition 
of the bands in the two classes of deposits dillers also in that the beds of ore in the 
copper shoots are practically uniform in composition, but the seams or ' ^ pay streaks ' ' 
in the lodes comprise minerals and combinations of minerals that difler in different 
places. In the following section will be described the larger structural features of 
the lead and silver shoots as a whole. 

The general structure o lodes in Bingham differs greatly not only in different 
lodes but in different portions of the same lode. All the lodes are characterized 
by a zone of shattered, crushed, or finely comminuted "country," 2 to 15 feet in 
width, that is traversed by two or more pay streaks. They may be grouped, accord- 
ing to their character, their composition, and the distribution of the streaks, into 
three main types. These types are based upon structures shown by portions of the 
Silver Shield, Last Chance, and Ferguson (Xast mine) lodes. 

The Silver Shield lode exhibits a characteristic structure which is represented 
in fig. 4. A zone of fracture about 3 feet in width occurs along a contact between 
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quartaite and motizonitc and inchidea a portion of either wall of the contact on either 
side. Along the fissure which lies to one aide of the median Une of the lode extends 
a nan-ow hand of barren black gouge — apparently altered porphyry. Between this 
and the unbroken country rock lies crushed and altered porphyry on one side, and 
shattered, brec^iated quartzite on the other. Eat^^h of these types of fra^'tured rock 
is traversed by rich "pay streaks" of lead and silver ore. No connection between 
the streaks was obserTed, nor did any constant relation of size of streak or value of 

ore to character of tounli-y 
n?TW^7M appear, 

Another form of this type 
is seen wliere the fracture 
zone narrows to a fissure 
and contains a single "pay 
streak" — a normal vein. 
This is a local phase in 
several lodes and was clearly 
shown in the Nast mine along 
a portion of the FerpuHon 
lode. A fissure is bounded 
by altered nionzonite whirh 
gives way, a ^hiiH riisliince 
from the fissure, to relatively 
fresh nionzoiiilr. Williiii ihe 




(issureJie 



lirli. 



iiicl. 



I-.Hkul l,-.,<l Mild hK.t, 

\ third typr is roiiii.l 
tl» N... 7 anri LaM CU 
lodes, l.,iist ClmrU'c mine. 
i.a characiorized by widi' 1^1 
E 5'*" c.r fiN.'fured. idlen-il | 

Fa J -^krtph ahowlBg siniflturs ot nilicr Shield lode (.1) norlhcMl tmi III plivrv ihll! !lll' lIlUlT-nt 

thill •\IU\Vt-/. V(■illl(-I^ V 

grains of ore at their cores, by irregular streaks and patiOics of t:iiii>;c, mni l.y -.<! 
what vague zones mineralized with seams and bunchrs of lilink-jni'l^", ])\rili', 
galena. Thus the So. 7 lode was an 8-foot zone of frni'liired. M'iLinril, ;ind Im 
mineralized porphyry, limited by two well-defined pliiTics nf iiinMiuiiii 
beneath the hanging wall occurs a zone, '2\ feet wide, coiiianiin^ iii!in\ <ir 
bands of black-jack and pyrite; and on the foot wall galena, jiyiilv, hkiI /iiir, v 
inters])ersed quartzite material, occur in bands in an in-egiiUir l.-iiirli -ti'i-nk 
imbricated lenses. Between these two pay portions of the hide iln- |i.ir|iltyr' 
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seamed parallel to the plane of the lode by innumerable quartz veinlets, reaching 
in places 2 inches in \\ddth, whose centers may be closed and barren, or open, 
bordered by quartz crystals, and partially filled with grains of sphalerite or pyrite. 

In other instances a lode may be filled with a succession ot bands of barren 
material and pyrite or galena streaks unsymmetrically distributed. This form of 
occurrence is not uncommon and was noted in the Galena and Last Chance lodes. 
When such lodes have been deformed by movement along the plane of the lode they 
sometimes take on an imbricated structure. Lenses of rich ore bandenl by highly 
polished surfaces lie one above the other. This structiu-e is frequently found in 
exploiting lodes. On breaking through a clean, well-polished wall it proves to be 
only a " false '* wall inclosing good pay. Other fonns of postmineral movement 
that are very common in Bingham disturb the regularity of the type structures by 
producing innumerable minor faults within lodes. 

Although values are reported to lie upon the foot wall in some places, they 
are stated to be confined to the hanging wall in others. In the Ferguson lode a 
rich pay streak left the foot wall, crossed the lode in an oblique direction, and hugged 
the hanging wall. In short, the usual structures of veins and lodes are exhibited 
in Bingham, including simple veins, groups of two or more parallel pay streaks, 
anastomosing pay streaks, and a number of veinlets traversing zones of crushed 
country rock. Values may lie at either wall or at any other portion of a lode. 

STRUCTURE OF ORES. 

Each type of ore, the copper ore m limestone and the lead and silver ore in 
lodes, exhibits characteristic structures. Certain of these structures, and the 
relations of the principal ore-forming minerals, will be briefly described, and an 
attempt will be made to determine the relative dates of formation of the chief 
minerals of the lode ores. 

Structure of copper ores. — Tlie large bodies of cupriferous pyrite have a massive 
structure and are compact and homogeneous. Sometimes the metal occurs in the 
form of fine, even grains; at others the grains are larger and less compact. Thus in 
the Iron stope. Old Jordan mine, the h)w-gra(le copper-bearing pyrite is even, fine 
grained, and massive. Small, irregular patches of clialcopyrite, and occasionally 
of pyrrhotite, are scattered through these masses. And rarely is it possible to 
obtain a sizable sample of such ore which does not show some imperfectly formed 
crj'^stals of pyrite. 

Masses of low-grade cupriferous pyrite are frequently penetrated by innu- 
merable small, irregular cavities lined with clusters of minute, imperfect pyrite 
crystals. Samples honeycombed by tliese small cavities present a light, cavernous 
aspect which is highly characteristic of copper ore in limestone. Analogous to this 
structure is a honeycombed structure frequently observed in altered silicified lime- 
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stone, in which the cavities bear minute acicular quartz crystals. Tlie original bedding 
is clearly preserved, and the size of the small cavities varies systematically with the 
thickness of the beds or lamina. The siliceous gold ore exhibits a similar drusy 
structure. The cavities in the quartz hear crystals, and frequently are heavily 
stained with black and brown ferruginous matter. Transition stages may be traced 
between the honeycombed quartz, the siliceous gold wres, and the dmsy copper ore. 
There is little doubt that the structure is due to the difference in volume of 
the original material and the secondary material. An excellent specimen of the 
drusy gold ore was found in the Old Jordan, and characteristic examples of the 
honeycombed quartz and drusy copper ore were obtained in the Fortune mine 
(PI. XXXIII). 

Some occurrences of sulpliide copper ore are characterized by a fseudo-schiatoae 
structure. Samples of "peacock ore" from No. 4 level, Higliland Boy mine, at the 
upper limit of sulphide ore, exliibit an irregular, thinly laminated structure. This 
is emphasized by systematic differences in the grain of the ore and a corresponding 
banding in its brilliant coloring. The structure roughly simulates that of a normal 
mica-achist; the flattened scales of chalcopyrite are comparable to individual 
scales of mica in their form and in their general orientation, which Ls parallel to 
the plane of scliistosity. Under the microscope the grains are seen to he chalco- 
pyrite inclosing occasional areas of pyrite and intimately associated with secondary 
quartz. These grains have suffered alteration along single cracks and along belts 
of irregular anastomosing cracks. Black copper-sulphide ore within zones of 
movement displays a like structure. Accordingly it seems (|uite probable that this 
pseudo-schistose structure in sulpliide copper ores has been uidiiced by crusliing 
and shearing. 

The black sulphide copper ores display structures similar to those of the original 
sulphides, namely, massive, granular, drusy or cavernous, and psemio-schistose. 
In some instances the black ore occurs as a very finely divided, dry, sooty powder, 
when it may be described as powdery or pulverulent. 

Structure of the lode oren.— The pay streaks in lodes are characterized by a 
general handed structure. These bands are without distinct boundaries, and ai-e only 
roughly de&ied. They include predominant mineral portions of other constituents. 
Although this structure is in no wise to be compared with the normal " crust ilied" 
structure so sharply marked in many dwtricta, it does present in ii Uw^f \\ny it 
banded character. 

The bands trend with the streak, though locally they may finl. I, nr uniii' 

with others, or develop into bunches. They vary in width from dcliiiid' [ihilr.s 
to heavy seams of galena 2 to '.i inches thick, and tliey vaiy greally in nninluT — 
from three to five, seven, nine, etc., according to the degree of refineincnl I'xcrciyci 
in their separation, five being perhaps the most common number. In idm's wher 
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Examination of many pay streaks underground aiid in hand specimens and 
study of lliin sections of ores disclose certain general features of superjiosition of 
minerals. In a majority of the pay streaks in Bingham, bands of sphalerite with 
associated tetrahedrite (gray copper) lie on the outpr portion of the streak, adjacent 
to the walls; calcite, rhodm-hrosite. or <|uartz lies at the core or innermost por- 
tion, and pyrite (with galena) and galena were deposited at intermediate dates, in 
the order named (sop PI. XXW). 

Although this general order holds with coiisiderahle regularity in the occurrences 
studied, it is not without e\ci>ptions. In the No. 5 lode, Last Chance mine, zinc 
occurs not only in its usual order but also immediately about the core of calcite. 
Quartz and calcite appear clearly to be later than the nietab (PI. XXV, A, B). Yet 
in a sample from the Nast mine quartz crystals project from the wall of the streak into 
the metallic contents (PI. XXV, A). And in the numerous veinlets hi the No. 7 
lode, Last Chance mine, the walls are composed of quartz crystals which, facing 
toward the center, bear upon their planes grainsof sphalerite (black-jack). Again, 
the usual calcite core, as found in pay streaks from the Ferguson, Benton, Silver 
Shield, and other lodes, is not constant. A heavy band of galena fills the median 
portion of pay streaks from the Silver Shield and Beuton lode** at othej- points. 
Occasionally the band of tetrahedrite (freibergile) is limited almost enlii-ely to one 
side. 

In an excellent occurrence of enargite in the Commercial mhic I hat mineral is 
seen to he later than pyrite. A rare specimen obtained by E. A. Wall in developing 
the Kempton shows that tetrahedrite is later than the crj'stals of pyiite uiid clialio- 
pyrite (see PI. XXXVIII. B). Similarly the black sulpliidcs of ci)p|icr appear In be 
later than the original sulphides, pyrite and chalcopyrite. 

QKNERAI, (iUMMAKy. 

The ore at Bingham occurs in vein, l>edded, and ilisseminati'd di']K.[;i(M. \'.'in 
deposits of argentiferous lead ore iill fissures which Iruverse ull roi-ks, IJcdilrd 
deposits of copper ore occur in limestone. Disseminated copper ore i.s ii'hiririci! 
to monzonitic intrusives. The age of the sedimentary counlry rock is upper Cur- 
boniferous, and tliat of the intrusives is between Carlxinifemus ant! late Tertian. 
This country rock is younger than that which incloses (be pnncipul hit iiodics ut 
Tintic, Alta, and Mercur and older than that wluch incloses (he pi'in{>i|m! deposits m 
Park aty. 

Country rock. — The veins are widest in limestone and in slmli'.-. llmt c^milnin 
calcareous and rarbmmcei.us mutter. The h.rgi-, l>cil<ii'.l (;cj...sit,-. nrciir « ii lim 
massive, marbleized limestones along particular beds in the vicinity o) illlrusive^ 
Contact metamorphic minerals are intimately associated with some of this co])p<' 
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ore. Monzonitic intrusives inclose productive veins and also contain disseminated 
auriferous copper ore. 

Deformation. — Fissuring is the most important form of deformation in Bing- 
ham. It occmTed after the period of intrusion and at three successive periods, in 
northeast - southwest, northwest - southeast, and northeast - southwest directions. 
Strong northeast-southwest fissures were developed before ore deposition, and 
afforded channels for mineral-bearing solutions and open spaces for ore bodies which 
formed in and adjacent to them. On the northwest -southeast and secondary north- 
east-southwest fissures, the ore bodies are faulted. Displacement may be in any direc- 
tion ; it rarely exceeds 150 feet, and, excepting minor faults, averages between 50 and 
100 feet. The strongest and most continuous northeast-southwest fissures are the 
most likely to be productive. 

Ore shoots. — In bedded deposits ore shoots are in the form of flat lenses. They 
usually dip roughly with the bedding and pitch moderately. In fissures under 
shale hanging walls the shoots are usually sinuous chimneys which descend in the 
plane of the fissure with a steep pitch. In fissures which pass between limestone 
walls the veins frequently expand into shoots which pitch parallel to the bedding of 
the inclosing walls. The disseminated copper ore in intrusives is restricted to frac- 
tured areas. 

Structure of ore. — The bedded deposits generally show a massive banding which 
is continuous with the bedding of the inclosing country rock. The ore composing 
these bands is massive and granular. The veins show a rough banding, parallel to 
the walls of the fissures. The bands are not sharply defined, but the mineral of one 
band is irregularly intergrown with that of adjacent bands. The distribution of 
these bands indicates the following general order of deposition from older to younger: 
Sphalerite and tetrahedrite ; pyrite and galena; calcite, quartz, rhodochrosite, and 
barite. 

Extent of ore bodies. — Neither the vein nor bedded deposits have yet been 
bottomed. Shoots of copper ore fre(|uently assume great size. Some are several 
hundred feet in length along their strike, nearly 200 feet in thickness, and have been 
followed downward continuously several hundred feet. The grade of their ore 
gradually decreases with depth, but a considerable tonnage may be mined before 
the ore passes below commercial limit. The veins become nmch smaller with 
increase of depth, but more uniform in size and value. Their extent in depth is 
improved. 

In brief, sulphide copper ore occurs in large lenticular shoots along beds in 
mamiorized limestone in the vicinitv of fissures and intrusives. Smaller but more 
uniform veins of argentiferous lead ore traverse all rocks, are largest in limestone, 
and most numerous in the vicinitv of intrusives. 
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An (explanation of the origin of (»re is credible in so far as it is a reasonable 
flcienlific interpretation of facts. It is true in the degree with which it accords with 
facts. Beyond that limit it is speculation, which may or may not be true. Most 
explaimtione embrace some absolute truths and some speculation. For the benefit 
of readers whose interests are essentially of a commercial natiire, as well as for the 
information of those whose interests lie in the purely scientific aspects of the ques- 
tion, it is desirable that these two types of statements be clearly distinguished, to 
the end that each may carry only its due import. 

In the two preceding cliaptejs the facts ohserred regarding the character and 
occurrence of (he ores have been described. In the i>n'sent chapter these are 
reviewed in the light of their hearing upon the deposition of the ores. This endence 
appears to prove the general genetic relations of the ores beyond rcascimtble dniibt, 
tlu>ugh it Is not sufficient to prove the precise connection Ijcfwceii certain minor 
features. The following in(|uirj', then, is an attempt to explain ihi' probable genesis 
of the ores in Bingham as apparently indicatwl by observed facts. 

The field of these explanations may he closely limited, {'oiicliision's of special 
commercial import, as well as of scientific bearing, regarding the inimediate sourci's 
of the ore and the causes of their deposition, are attainable, but the ultimate suurce 
of the ores and even the events which immediately antedated their deposition am 
unknown. Any specific discussion of these must he largely speculative, .\ccord- 
ingly, consideration of the probable origin of those several types of nre will bedii'ccirii 
niainly toward a detemiination of their immediate ao\irce and ihc nuirincr uf ihcir 
deposition. 

Differences in the composition, structure, and geologic ncviirn-ncc nf ihc ure 
signify differences in the manner in w-hich they assumed their [ircMiit chunictrr. 
Tims the granular copper ore disseminated through porphyry difTers t's.-;i'iiiiiilly from 
the extensive lenses of massive copper ore that occur in metainorplniscd lioiestone, 
and each of these t3"j)es, again, is characteristically unlike the seiuus of liiinded lead 
and silver ore in fissures. In considering their immediate source the ori>s will b< 
taken up in three general classes : Ore in porphyry, ore in fissures, and o/y (';( limestom 
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The evidence afforded by the mode of occurrence of the ores is weighed for indica- 
tions as to the origin of the ores, and in view of their special significance two 
features which were briefly stated in connection with the occurrence — namely 
metamorphism in limestones and alteration of porphyry adjacent to lodes — are 
discussed further. The periods and dates of mineralization are considered and 
superficial alteration of original ores by surface waters is then taken up. In view 
of the commercial significance this action possesses in the enrichment of the ore 
which constitutes the mainstay of present mining activity at Bingham, this super- 
ficial alteration is discussed in some detail. Conclusions regarding occurrence, 
composition, and genesis of the ores which have been reached in the preceding 
pages are subsequently applied to specific commercial problems of exploration and 
exploitation. 

GENESIS OF COPPER ORE IN PORPHYRY. 

The Bingham district is located about an area of intrusives; the ore bodies 
occur in their immediate vicinitv, and no ore is known to have been found 
before they came in; accordingly these intrusions evidently directly affected the 
generation of ore. Three broad possible inferences are obvious, namely, (1) 
that the magma, as a carrier, brought in the metallic constituents in their present 
form at the time of its own introduction ; (2) that the magma introduced material 
which has been subsequently altered, with or without the addition of extraneous 
elements, to the present metals; and (3) that it induced directly or indirectly the 
formation of metallic products in adjacent rocks. Each of these possibilities will 
be considered in succession under the following heads: Origin of copper ore in 
igneous rock, origin of the lode ores, origin of copper ore in limestone. 

In order to simplify the immediate inquiry regarding the first possibility, 
consideration of all ores in igneous rocks which are clearly of secondary origin will 
be eliminated; then the occurrence of such pyrite and chalcopyrite in igneous 
rock as maybe of doubtful origin will be examined for evidence on the questioH of 
the primary origin of metallic sulphides. 

In considering the occurrence of copper ore in igneous rocks two general types 
were recognized, namely, impregnations of only the immediate walls of normal 
ore-bearing fissures, and dissemination through extensive masses of altered igneous 
rock, monzonite. The former is characterized by narrow zones of cupriferous, 
granular, and semicrystalline pyrite, which is present most abundantly at fissures, 
gradually decreases in amount away from them, and fades out within a short 
distance. This alteration and pyritization of the porphyry immediately adjacent 
to normal fissures is so clearly incident to the formation of the lodes that its con- 
sideration will naturally be taken up in connection with the explanation of the 
origin of the ore in fissures. The disseminated copper ore, however, has not been 
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ohaerred to be •aeocuted with normal unvbcaring liaBun»~ Thr ne«r««t approach 
to ttwi ijpe H wen in ihiti vcinleu of (fuariz itui till fmrting planea in the porpbTry 
uid crxfaibil m pamdormtliiimi strurturr, whirh siniulalm rein filling Accorti- 
ineir. in rcrtaiD ■ftiiifii ml rlurai'tcmticii. these di-iseniiRated oresi appear to form 
> MpWBie type. Thr pjiritr hi th4> alli^tl iiionxoiiitc adjacpnt to ore-tiearing 
fitmmf » de«r)r secoodan-. Oo (he other hand, the manner in which the grains 
of pTTilv attd chnlnrprritf n rnr fttniird and it-rniv disseminated through extensive 
nrif* of monzonili; is nut bii apparent. Thn^ the inuuediate inquire' resolves 
il'^'lf into tlie ()ii«i!>tit)ii whether tiu- valuahle iiu'ink dlssenunaied through the 
IIlUIlzo1ut<^ entvrtd upon their present state at the time of the igneous invasion^!. 
or Aultnetjuently, through nevondari,' ageniries. 

Ornera! ohaervationn on orm in ignfoun rock . — Before the specific evidence afforded 
at Kin^hain \» ronuderrvl. il \* [>ertinenl lirielly to review present opinion as to 
the origin of ore in igncou.i rocks. N'ogt, the able investigator of this mode of 
ore girnemtion, Iima pointed out th»t ''ore dopositH formed hy simple magniatic 
dilTerentiBtion are confeijcwdly infri^quent.'' He assigns to this origin the follon'iDg 
di'positH : 

"fJ) The occurrences of titaniii iron ores in basic and intermediate eruptives, 
perliaps aUo of iron orr» in ucid eruptives; (2) those of chromite in peridotite and 
their .lecondary serpentines fand aLfo, according to J. H. Pratt, those of ronindum 
in tile jwridotile of North Carolinu); (3) a number of deposits nf sulphide ores, 
particularly the nickeliferous pyrrhotites occurring in gabbro (at Sadlmiy, Ciiimda, 
Lunca«t«r Gap, Pa., »nd many places in Norway and Sweden, inul Vnnillii. in 
Piedmont); f4) according to some autliorities, the auriferous pyiiles nf Riisslmid, 
BritiHlj ('ohimhia; {^) according to B. Lotti, the high-grade cop(KT ores ocouiniig 
in H4>rpciitini<M-d jwridotites in Tuscany and Liguria, northern Itiily (for instance. 
at Monte C'atini). and analogous occurrences in other regions: Hi) ilic uriiinencc 
of metallic nickel iron (without economic value) in eniptive rucks; 171 those of 
the platinum metals in highly basic eruptive rocks.' " 

Of tlicMO occummce« oidy three afford Bufhcient copper to wanant their con- 
nideration &n copper ores — the nickeliferous pjTrhotites at Sutiliury, the sulphide 
copper ores at Rossland, British Columbia, and the high-giadc copper urcs uf north- 
ern Ilwiiv. Recent microscopic studies of these ores have led tn tlic iiiTirliisiou 
that the whole weight of evidence points to the secondary formation of the Sud- 
bury ore hodien as repla^^ements along crushed and fractured zones.' Tlie miiifer- 
o\.\» pyritio ore» of Ko»tsland, British Columbia, have Iwien sludinl liy \lrs>iN, King." 
Kaymond, Lindgren.'' and others, and determined to be a later niihuciiniLi uf ihe 
igneoiiH country rock. The rich copper ores in northern Italv iin liiitrcl\ cbal- 

"Viwl, J, B. L.. PrabrBHutn tbeKSolsffrof ot«<l«pn*1(«- Genesis of Ore Dsjm^ts, Am. Tnsi. Mm, Im; , l'"'. f. ■ (-■ 
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A. Typip*l monainiw of Bingham. (Sp. Xu. 117 {*7). Wilh •wUyair, X48.) From Trihujw Iimii"l, 
Telegraph nilne. Finr-grained, granaliir lu nubporphyriiic otmuturv, Auptv (A), biolitp (B). and r)riln>- 
claM form chief coostiliiputs. The iiiclosiug nrens ati- ulitunt entirely feldspatliii', ini'hiding Unli iiniiwliise 
and plagiorliuw, wilb a little ^nuM. Augile is slightly iiraliLJim] (U)- Tlw siiiull lilni'k urt'ti.s hiv iii>iirlv uU 
mupiPtite, liut a W are p^ns.of pyrite. (See PI. XII, A. *ail iiimlysis on p. I7S.) 

B. Dovebpmrnt nr pyrttrin nllrrrd mmutnnitr. (Sp. 173 (48D1. With nimlywr, MS,) Fniiii EliK>- 
ivdo shaft. Boston Ouimoliditl^d k'^'^P' MnKuetiti? and urifpiml bioliIt^ mv Hlt^cni, mid p,\ liii- il' i ui^x'urs 
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cocite, as described by Mr. Emmons, and it would appear in the light of recent 
studies of ores in the western United States (e. g., at Morenci, Ariz., Bisbee, Ariz., 
and Bingham, Utah) that this copper ore probably owes its present form to second- 
ary alteration. According to this evidence it would appear that in no instance has 
it yet been proved that copper ore has been formed by magmatic segregation. 

Pyrite, of sUghtly cupriferous character, in the pyritiferous porphyry at Lead- 
ville, was regarded by Cross as primary. In this connection he states that — 

"Pyrite takes the place of magnetite and seems to be an original constituent. 
Its particles are included in quartz and appear in arms in the groundmass which 
penetrate or separate quartz grains. It is also seen embedded in pyrrhotite and 
scattered through the groundmass in a manner characteristic of the original ore 
minerals in similar rocks."" 

Recent studies of this problem in this area, however, b}^ Emmons and Irving, 
have revealed valuable additional facts. Although this evidence is not yet com- 
plete, detailed study of the cupriferous pyrite in the white porphyry, which is now 
considered identical with the pyritiferous porphyry, tends to render it more probable 
that the pyrite is not primary, but has been introduced thiough secondary" agencies. 

Furthermore, some of the i)yritic deposits which occur in igneous rocks and 
sometimes have been considered of contemporaneous origin, have proved on detailed 
study to have been introduced after the date of igneous intrusion. 

From this brief review it appears that primary pyrite seems to be almost, if 
not quite, as rare as primary chalcopyrite in igneous rocks. Thus these rough 
observations tend to reduce the possible instances of the deposition of p\Tite and 
chalcopyrite by magmatic differentiation. 

Disseminated copper ore in igneous rock. — The occurrence of disseminated ore 
in igneous rock in Bingham which is most thoroughly known, and which thus affords 
the most favorable opportunity for stud3% is in the intrusive body at Upper Bing- 
ham, known as the Bingham laccolith. Tliis irregular mass has been extensively 
explored by tunnels, test pits, borings, and shafts, and thoroughly sampled through- 
out. In a general way this exploration shows that this extensive mass of monzonite 
carries disseminated throughout its areal extent, so far as known, irregular grains 
of pyrite and chalcopyrite; that the known mineralized tract is characterized, not 
by a series or succession of normal fissures, but by multitudes of thin, unsystema- 
tized parting planes; that the rock is exceedingly altered by bleaching and silici- 
fication, especially in and adjacent to zonar areas of strong shattering; that assays 
show copper to be lowest at the surface and in old workings; that in relatively firm, 
unaltered rock the copper ore hes in flat scales and films on the sUicified walls of 
cracks, while in areas of great shattering and alteration it occurs abimdantly both 
on quartz-coated cracks and disseminated in the silicified bleached walls. In brief, 

a Cross, Whitman, Geology and mining Industry of I-cadville, Colo.: Mon. U. S. Geol. Survey, vol. 12, pt. 1, p. 327. 
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copper is disaeminaieci at a depth thioiiglioiit the porphyry and occurs most abun- 
dantly in areas of maxixuum crushing, silicificalion, and alteratiim. Such genoral 
features as tliis apparently indicate a relation between quality of ore and degree 
of opening, alteration, and silicilicatiou, and BUg^cst tiiat thn metallic contents 
reached their present slate through secondarj" agencies. 

Detailed evidence atTonicd by freah and altered nionzonite, both in hand spec- 
imens and in thin sections,' tends to confirm this cumJimion hased on general occur- 
rence. In fresh, slightly unparted specimens of mouzonite, pyrite and chalcopyrile, 
if present, occur sparingly within tht mass and seem to be almost entirely restricted 
to parting planes. E.'camination of (liin seetions shows tliat the chief constituents 
named, in the order of their predominance, are orthoclasc, plagioclase. augite, 
biotitc, and a little hornblende and quartz. The biotite, and less abundantly the 
augite, include numerous grains of a dark-gray metal, which is probably magnetite 
(PI. XXA'I). In slightly altered nionzonite the augite shows incipient altenilion 
on its margins to uralitic hornblende, the biotite appears paler, and the feldsjiar 
shows passage into sericite. A specimen of highly altered inonzonite has lost the 
dark color and compact body and shows instead a dull, light-gray color, a sliglitly 
porous stmcture, and abundant quartz in veinlets and in blotches upon the walls 
of parting planes. Under the microscope it is seen that the proportion of acid or 
salicofm tents to the ferromagnesian or feraic has greatly increased. C'lin^picuoua 
areas of granular quartz are numerous, the orthoclase is highly sericiti;(eti, and the 
femic minerals are represented by numerous irregidar patches of small individiinla 
or flakes of dense brown biotite. The quartz and sericite are clearly secondary, 
and though no direct proof of the age of the biotite has been ffiund. it resenililes 
secondary' biotite and may be secondarj- also. Magnetite, e.\ci'|>liiitr ni'cnwional 
grains, has disappeared, and large amounts of chalcopjTite and |>ynle iirc prc-icnt 
in the form of rounded grains, chains, and veinlets embedded in secondtuy qiiariii, 
flaky biotite, and sericilized feldspar (PI. XXVII). From the above-stated iield 
observations and from accordant detailed evidence, it would appear llml ihc absence 
of chalcopyrite and pyrite in imparted, unaltered monz(jnilc, thcii' almndnni oceui- 
rence on secondary parting planes, and their intimate association witli .scricitizi'ii 
feldspar, a biotite of possible secondary origin, and secondary (|iiiirtz, slum ihat 
they attained their present state considerably later than the intrusion itn<l juc thus 
of secondary origin. 

Although perfect proof can hardly be expected, it seems im|iniln!lilc thm diry 
were developed and deposited in their present state without tlic ininhiluiiiiui of 
additional elements from without the intrusive mass. The observed (Jiii^'c^ ><( metji- 
somatir alteration of magnetite, cuhninatiiiji in ibe occurrence of miriuli', ill-iicllncd 
cores of* magnetite without secondary sulphides, and finally in the total di^^apjicat^ 
ance of magnetite, indicate one source of the iron of the chalcopyrite and pyrite. 
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PHOTOMICROOBAFBe OF CHALCOPTEITE DETEIXJPING IS ALTERED MOSZOSITE. 



A. Chnlcopyrite developing in aeconduy quartE. (Sp. No. 171 (48 B). With Rnalyur. X48.] Frtmi 
dump cif Eldoredo shaft, Boston Con8ulidal«d group. Magnetite and origiDal biuti(« iridividuHls have disup' 
peared, Chalcopyrite (Cb) has dei'cluped in seonnduy qunrtv (Q). Feldapolhii' |;^IUIldIl1u«^ Iih!^ ollftvd 
to aericite (S). 

B. Cbalcopyrile dorclaping in biotite. (Sp. No. 170 (48 A). With Bniilv»r, y4.S.t I'rnni -iuiiip of 
Eldorado ahaft, BoelOD C<>UBotidst«d group. Onginal canstitueDts and strurtuiv nor \isilili'. fiivpilm 
masM'iK and chains of ch&lcom'iite (Ch) are embedded in flakv ftetrresat^ of dnrk-bmn-ii luiiii ill) (dj-oIiiiIiIv 
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Additional iron was doubtless derived from original augite and biotite. Any addi- 
tional sulphur which may have been required was probabiy supplied from without, 
perhaps in the form of sulphurous gases. The immediate source of the copper and 
gold remains unproved. If any of the pyrite is original, some of each of these other 
values might have been included as impurities, but the large remainder can hardly 
be explained, except by subsequent introduction from without. 

The demand for sulphur, copper, and gold by such subsequent introduction 
raises a question as to the nature of their carrier. Evidence on tliis point is found in 
their occurrence and the probable maimer of alteration. 

The areas in wliich this later deposition of metalhc sulphides appears to have 
attained its maximum are characterized by innumerable fractures, joints, and other 
parting planes of various kinds. They are regions, then, in which the country has 
been broken and penetrated by minute passageways. Further, the ore occurs not 
as distinct seams or veinlets filling narrow crevices, but as grains disseminated 
throughout the altered intrusive. Accordingly, it is not improl)able that the trans- 
porting' and altering agent possessed the properties of an aqueous solution. 

The probable temperature of these solutions may be determined by criteria 
which Lindgren has described. Thus he finds that a narrow rim of calcite or 
quartz inclosing crystals of pyrite indicates their deposition from hot waters (hydro- 
thermal metasomatism).'' He gives as additional characteristics of such processes 
(hydrothermal metasomatism) the development of sericite, "probably the most 
luiiversal of all minerals forming in altered rocks near fissures, ' ' '' and the fre(|uently 
observed relation between the development of sericite and of quartz. Regarding 
this relation he has observ^ed that — 

'* sericite forms easily and abundantly from orthoclase and microcUne (with equal 
ease from oligoclase, andesine, and labradorite) , the foils and fibers developing on 
cleavage planes and cracks until they invade the whole crystal. The reaction may 
be chemically expressed as follows, water containing carbon dioxide being the only 
reagent necessary: 

3K Al Si30g+H,0+CO, = KH, Al, (SiOj^+K,CO,-h6SiO,. 

This reaction is accompanied by a consideral)le reduction of volume, the sericite 
occupying less than one-half of the original volume of the orthoclase. If SiO, 
separates as quartz, the aggregate volume of the two secondary minerals shows a 
reduction of 13 per cent from the volume of the orthoclase. \>ry often, however, 
the quartz is carried away in solution, to be deposited in neighboring open spaces."^ 

In the altered, mineralized monzonite at Bingham these criteria were 

observed. Thus the presence of quartz rims about the grains of pyrite and chal- 

a Lindgren, Walderaar, Qold-qiiartz veins in Nevada City and CFrass Valley: Seventeenth Ann. Rept. U. S. Geol. Survey, 
pt. 3, p. %. 

^ Lindgren, Waldemar, Metasomatic processes in fissure veins: (fenesis of Ore Deposits, Am. Inst. Min. Eug., 1902. p. 527. 
o Idem, p. 528. 



copjTite is common. Sericilizetion of feldspars is proiioimc*4 {Pis, XXVI, B, and 
XXVIl, .4), and silicifiralion of the country rock and reduction in its volume are 
perhaps the most widespread and noticeable features of the alteration. In the light 
of this evidence, and in view of the requirement that some of the gold, copjier, 
and silver should have been derived from without, it seems liighly probable that the 
hydrous solutions were hot. In brief, the evidence tends to show that heated hydrous 
solutions altered the rock-making and metallic minerals constituting the igneous 
rock, probably introduced copper, gold, and sulphur, and at that time, subsequent lo 
the ilute of intrusion, generated tlie later mutaUic minerals, pyrite and chalcopyrite. 

Superficial atteratum of disseminated copper art in porphyry. — Recent superficial 
alteration haa followed the dejKwition of chalcopyrite and pyrite. Pyrite about its 
periphery and along cracks which traverse these planes may be seen going over to 
limonite. This fact, as observed in hand specimens of gold ores and described 
mider "Supei-fieial alteration" (see p. 211), doubtless explains the relative enrich- 
ment of gold values proved by assays to exist in the outer or surface |>ortions of test 
tunnels in these copper- and gold-bearing intnisives. The brilliant tarnish of grains 
of chalcopyrite indicates a beginning of alteration, and thin rims of a dark grayish- 
hlack metal about chalcopjTite observed under the microscope suggest continuance 
of that pi'ocesa and replacement by black copper sulphide. Although the illustra- 
tion fails to bring them out, rims of a blue-black metallic sulphide ipccur iirtunid 
grains of clialcopyrite in the thin section shown in one of the photoriiicroirritphs 
(PI. XXVII, B). The reason for the decrease in as.say values of copper along 
certain open and water-bearing fracture zones is doubtless to be found in the well- 
known fact that under the action of surface waters copper sulFers rnpid ahcnilinri 
and transportation. 

It appears then that in the disseminated ores in igneous rock llic (■ipiicr nn'inls 
were deposited by hydrothermal action subsequent to the date of igneous inlnision. 
and that these sulphides are now undergoing normal superficial allerulioii. 

GENB818 OF THE LODE nRF.S. 

The lode ores differ from the other two types of ores in niiiK'niln^ii'nl com- 
position, geological occurrence, and structure. 

In composition they are essentially lead and silver ores, with cojipi-r n\u\ pilil 
in minor amounts; both the other types arc essentially copper utcs « iili minor jrolil 
and silver values. They occur within strong, clearly defined fiiiriuri> /muv-^, jirul 
traverse all rock types; each of the other ores is restricted to a sinjrl'' liiln'loL'ic 
type, and neither is restricted to fissures. For structiu-e, they sliow n ;;t.niji ol' 
relatively parallel pay streaks, each with marked banded distribution of miiiiiral-^. 
entirely ui : ar, eminated copper ore in porphyry, itr (lie imus.-<ivi 
lenses of c it Lmest< 
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On these broad charac^teristics, then, the lode ores appear to comprise a dis- 
tinct type of deposits, and thus, it is reasonable to suppose, were formed in a distinct 
and characteristic manner. 

In an attempt to explain the manner in which these ores were probably gener- 
ated their mode of occurrence is concisely reviewed, broad probabilities are briefly 
considered, and general conclusions are drawn. Problems regarding manner of 
deposition, character of transporting agent, causes of deposition, and relation of 
lodes to ores m limestone are considered, and a general statement of the manner in 
which the ores were probably formed is oifered. 

Details to be explained. — In connection with the study of the origin of lode ores, 
the characteristics of their occurrence must be observed and explained. To that 
end certain leading characteristics may be recalled here. Lode ores have been 
found throughout the district in country rocks of all lithologic types and ages. The 
most intense fracturing indicated l)y the principal groups of lodes has been dis- 
covered about the upper portion of Bingham Canyon, above Bear Gulch, and in the 
divide between the head of Bingham Canyon in the upper portion of Carr Fork. 
Fissures and fracture zones trend and dip without apparent system in every direction. 
The prevailing trend of the observed lodes is northeast-southwest, and their pre- 
vailing dip is toward the northwest. As regards the sequence of fracturing and the 
deposition of lode ores, it appears that ore deposition was preceded by fissuring in 
northeast-southwest (north-south) directions, and followed by faulting on north,west- 
southeast (east-west) planes, and then on northeast-southwest (east-west) planes. 
In extent, fissures and fractures have been found to continue several hundred feet 
along their strike and dip, through every kind of rock in the region. Their mineral 
contents, though varying and pinching locally, have not been proved to disappear 
permanently in either direction. The strong fissures appear to be the most exten- 
sive and the most highly mineralized. Localization of pay occurs in both dip 
fissures, or those lying in the normal fissure and fracture zone, and in strike fissures, 
or those lying between formations or beds. Shoots in the former, however, 
as in the Galena, Last Chance, and Silver Shield lodes, though doubtless present, 
have been only roughly determined as such. Lode ores of the latter type, as in the 
Winamuck, Montezuma, and Fortune, occur in definite shoots, with a sinuous pitch 
in the first and southwestern pitch in the last two. A significant type of shoot is 
found in the sinuous pencils, pods, or chimneys of rich silver ore which stand nearly 
upright in the quartzite walls of the Winamuck, Montezuma, and Tiewaukee. The 
major structure of the lodes is characterized by a banding imparted by parallel pay 
streaks ^^dthin a crushed zone, and they in turn are made up of separate minerals in 
massive and semicrystalline fofm, distributed rouglily in l)ands with ill-defined 
interlacing boundaries. Though it is not a typical '^crusted'* or ' ' crustified * ' 
structure, a general sequence of minerals from wall to core is apparent as follows: 
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Sphalerite, tetralipilrite, pyriti? and galena, galena and calcite, rhodochrosite and 
quartz eores. In brief, a satisfactory explanation of the origin of lode ores of 
Bingham must account fur the presence of lead, silver, and copper minerals arranged 
systematically in rough bands in pay streaks in zones of fracturing which persistently 
traverse every type of the country rock in a generally northea^it-southwesl direction 
throughout the district. 

Charactfr of deposition. —The general character of the deposition of the lode 
ores is indicated in part by the form of the ore bodies, by the structure of the pay 
streaks, and l)y the structure of the ore. Thus the absence of t^-pically defined 
crustified structure and characteristic sharply defined hands and lines of infacing 
crystals lends to indicate that tiie ore can not be regarded as entirely a deposit 
formed within preexisting open spaces. On the other hand, the restriction of 
these lodes to practically n single set of zones of strong fracturing, the continuity 
of the breaks regardless of their contents, the unity of the jtay streaks, and finally, 
the roughly banded etructuie, signify that the fractures existed before ore deposi- 
tion and offered partially opened spaces, favorable pathways for the mineral- 
bearing agent, and suitable areas for ore deposition. The rough handing and 
regular succession, of the minerals composing the deposits point to a conespond- 
ing historical succession in their deposition, and the occasional presence of infacing 
crystals at tJie core ot some pay streaks tends to show their deposition fruiii suhition. 

The extreme irregularity of the interlacing boundaries, however, and the 
presence within each band of considerable portions of the other consliiiienls in 
massive or crystalline form, make the precise manner of deposition sonicwIiHt 
doubtful. Were the btiundaries sharp and the minerals definiloly rcsirictcd, 
normal deposition from aqueous solutions at successively later periods wmild be 
obvious, but such ultimate association as the iiitergrowth of knobs, arras, and 
lohcs of pyrite and galena, the presence of galena surrounding and interlacing 
with semicrystalline pyrite, the interweaving of sphalerite and galena, and the 
close relation between sphalerite and tetrahedrite, as observed in tlie principal 
pay streaks, raise difficulties in the way of such a conception. If ii ly|>iciil criio- 
tiJied structure ever existed it is difficult to understand how the prcseui strucinre 
was formed, imlesa by secondary mineralization. The a-ssocialiim of <|iiiin;4 w'nh 
the pyrite, the apparent crumphng of toils of galena adjacent (o llic ■-i'Tiiirr\ ^lalline 
particles of pyrite, and the occasional filamentous character of ihe.-^c ^iiiii;;^ nl' 
pyrite and semicrystalline pjTitc, suggest this secondary origin for mihh' nl' ibe 
pyrite. On the other hand, the difficulty of conceiving pyrite to cryKluili/c w iihin 
a previously solidified metallic vein, and the intimate relatinn, the iiucilnuujing 
and penetration of the other minerals one with another, leave miicli iiin'\|iiiiinrd 
on the has.- id the lack nl shar{>ly i'nisMlli'>l -liin'inri 

ami the b rious minerals suggest (Icpusiiinn nl' ihi 
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minerals under conditions which would permit their simultaneous precipitation. 
Although it is improbable that the transporting agent possessed the physical 
quklities of a magma, it is believed that certain magmatic conditions prevailed in 
order to permit the deposition of the several metallic minerals apparently contem- 
poraneously. 

Although the absence of perfectly crustified structure thus suggests that 
deposition was not solely from solution upon walls of open spaces, it is difficult 
to determine the precise character and extent of other possible activities. The 
expansive force of crystallization is known to be exceedingly great. That much 
force impelled the mineral-bearing agent may be judged from the penetration for 
considerable distances of small crevices in the walls by minute metaUic filaments. 
Similarly, the apparent distortion of cleavage plates of galena by pyrite crystals 
indicates the exertion of great force. 

Replacement supplemented both deposition in partially formed spaces and 
extension by crystallographic and other impulses. For, in numerous instances, 
the minerals which form the outer wall of the streaks, and thus abut against the 
bounding walls, show '^frozen" contacts. These are not regular planes, but 
present irregular sinuous surfaces, formed by portions of vein* matter penetrating the 
country rock. Thus, examination of a ' * frozen ' ' contact between a pay streak 
in the Silver Shield lode and its quartzite wall shows metamorpliism of the quartz- 
ite resulting in the deposition of secondary silica and partial replacement of the 
quartzite by vein matter. The extent of such replacement naturally varies with 
the composition of the wall» and doubtless is greatest in more soluble rock, such 
as limestone. This is proved b}' numerous occurrences in this camp in which 
veins grow wider between or adjacent to limestone walls. Beyond the recog- 
nition that this was a common but relatively limited method of ore deposition in 
lodes, the further consideration of replacement will be deferred until the discussion 
of the causes of ore deposition (see p. 179). 

Finally, evidence was obtained which appears to throw some light on the 
direction of movement of the depositing agent. In the Neptune mine, and in the 
Story, bands of ore extend vertically within fissures and spread laterally out along 
beds in complete continuity. Again, m the Neptune, ore rises from beds into 
barren hanging-wall hmestone in the form of narrow, contracting cliimneys. 
Similarly, mineralizing solutions in limestone appear to have moved uj)ward. For in 
one clear instance mineralization along parting planes is seen to have extended along 
lines which branch upward in arborescent form (see fig. 6). Although the former 
examples do not positively prove that the general movement was upward — though 
the inference strongly favors that conclusion — the last appears to^point definitely 
to a movement of mmeralizing solutions in an upward direction. 



CiMracter of traiisjurrlinff lujent. — The pliysicu! Bnii rhemical (Oiaractpr of th« 
ayi'iit which introducwl the lode ores nmv he (ieH>rmiufd hx th(> rharaclcr of its 
di'posits and the influence which it cxiTtcd upon the wall rock. The physical 
chttraeler is 8how^l hy the attitudes and relations in which the oru has bwn placed 
and by certain (fl'ecls produced in (hv eoiii-se o/ its introduction. The chemical 
character is indicated by the chemical composition of the deposits and by chemical 
interaction between the ore-beBring solutions and the wall rock. 

The occurrence of pay streaks in thin, attenuated plates along very close 
fissures, the penetration of lilauientous crevices hy pyrite veinlets, and the struc- 
ture of the pay streaks, lead to the conclusion that the ores were deposited from 
a liquid or from some material that possessed the^neral properties of a liquid, and 
that the temperature of this liquid solution was probably high. Although the 
evidence indicating an upwai'd movement hears only on its latest course, such 
movement probably l)egan at a sufllcient depth to insure high temperature. 

The chemical character of the transporting liquid can not be precisely staled, 
owing to the later depositions. Recent deposition, if we may judge from the com- 
position of druses, core linings, and gangues, was from solutions rich in carbon 
dioxide, for the Nasi and Ferguson lodes between porphyry walls have considerable 
cores of calcite. The Silver Shield streaks show, in some cases, strong interior 
bands of carbonate, and the Queen vein carries rhodochrosite. The original 
solution, to have afforded such a body of sulphides of lead, silver, and copper was 
also necessarily rich in sulphur. 

The metamorphism of walls by these original solutions has becu studied in 
other districts with great care and with significant results. In Bingliain the quiirtz- 
ite walls of the Silver Shield lode show metamorphism by addition of .secondary 
silica to earlier quartz grains. Satisfactory opportunity was not obtained to observe 
the precise effect of mineralizing influences exerted through one of the great frnctiire 
zones upon one of the limestone walls. The effects produced by mineralising solu- 
tions wliich ascended minor fissures in limestone were observed in the west end of 
the Higliland Boy mine. Here the countrj* rock inclosing the east-west fissures is 
a coarsely crystalline marble, and the walls immediately adjacent to the fissures are 
darkly stained and impregnated with clialcopyrite. pj^rite, and specularite. It is 
known that active replacement of limestone by metallic minerals occunvd adjacent 
to the strong lodes in limestone. Accordingly, it maybe presumed tliat I he -:<iluti.in 
was a solvent of limestone, probably acid. 

An exceUent opportunity to study the alteration of monzonitc wull-; mljiirctit 
to a great lode was found in the Last Chance mine. British tunnel level. Xn, I dnl't, 
in tiie foot wall of the Last Chance lode. Specimens of the monzonitc fimi « uti 
there taken, as tollowa: One from the iumiediate wall of the lode, iinmlicr m a dis 
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tance of about 1 to 2 feet away from the lode, and another from the freshest monzonite 
observed on that level. Evidence afforded by microscopic and chemical study of 
this series of specimens illustrates the various degrees of alteration, including least, 
most, and intermediate stages. 

The mass of the monzonitic country rock appears to be relatively fresh. Adja- 
cent to lodes, slip planes, joints, etc., it becomes bleached and decomposed, and 
immediately adjacent to the lodes, especially along parting planes, it is impregnated 
with pyrite, chalcopyrite, and probably pyrrhotite, and higlily silicified. The fresh 
rock is the normal dark-gray granular intrusive of Bingham monzonite, showing 
ferromagnesian silicates and feldspar, silicified and mineraHzed along parting planes 
and slightly impregnated with metallic sulphides. It maintains this general char- 
acter to within a very short distance of the lode. There the monzonite appears, 
under the microscope, to be slightly bleached, the ferromagnesian silicates, 
biotite and augite, being dulled and partially altered. This general character is 
maintained, with only a slight increase in alteration, to within 3 to 5 inches of the 
lode. The zone which immediately borders the lode, about 3 inches wide, shows 
two parts, that away from the lode characterized by increased bleaching and impreg- 
nation by chalcopyrite, pyrite, and subordinate galena, that next to the lode char- 
acterized by excessive silicification and impregnation by semicrystalline pyrite, 
subordinate chalcopyrite, and (probably) pyrrhotite. 

These general observations are corroborated by microscopic examination of 
thin sections of each of these samples, illustrating maximum, minimum, and inter- 
mediate alteration. The relatively fresh rock (No. 145) is made up chiefly of 
orthoclase, plagioclase, augite, biotite, and hornblende. In the section of the 
sample illustrating intermediate alteration (No. 195) the proportion of ferromag- 
nesian phenocrysts is decreased and that of the metallic sulphides proportionately 
increased, the grains having formed along cleavage planes in the biotite and the 
pyroxene, and in filaments encircling quartz grains in the groundmass. Chloriti- 
zation of the biotite and pyroxene is likewise advanced ; and in the section of most 
higldy altered wall rock perhaps the most notable features are the continued replace- 
ment of biotite by metallic sulphides and the introduction of considerable amounts 
of granular quartz, chalcopyrite, and pyrite. In short, the general effect ot the 
mineral-bearing solutions upon the monzonite wall rock has been to alter the 
ferromagnesian silicates, to sericitize the feldspars, and to develop metallic 
sulphides. 

The following quantitative analyses of four specimens of monzonite of different 
degrees of alteration (117 and 145 being fresh, 137 slightly altered, and 136 much 
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altered] show the chemical changes iDciclent to these iiiiDcralogicol changes in the 
alteration of monzonitic wallij of lodes: 

Attalijimi tluiwiiuf idteration oj mimamiu utiil adjacent to fiaran. 
[An»iW, E. T. XUoB.] 
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No. 117, Tribune luimel, Telegraph mine. 

No, 145, Bntiah turnicl, Last Chance mine. 

No. 137, British tunnel, Lust Chance mine, 1 U> 2 feet from lode. 

No. 136, British tuanel. Last Chaum mine, wall of lode. 

The samples of fresh monzonite {Nos. 117 and 145). althoufih taken from widely 
separated points in the field, appear to be very closelj' aHkc in cheiuicHl cmiijio- 
sition. The sample (No. 137) from within 2 feet of the fissure shuw.s conipurutively 
slight alteration as compared with that which took place only iiiche.s dLslant 
from the fissure and immediately at the fissure. Although precise cnuipiirison of 
chemical changes can not be made without recalculatmg changes in muss, in this 
case the main changes are so apparent that general comparisons may be saffly 
drawn from original analyses. In general it is seen that altenilioii miiiiriiir In a 
fissure results in notable decrease in MgO, CaO, Na,0, stroTig iiunvi^r in K.O, 
FejO, and S, and practically no variation in SiO,, jVJ^O.,, and TiO., Tliu sumU 
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portion of the complete change shown to have taken place at a distance of about 1 J 
feet, although foreshadowing the character of the final change, tends to show that 
far the greater portion of alteration takes place within a very short distance of the 
fissure. Furthermore, there is clearly a difference — a *' personal equation" in the 
action of the several minerals; thus, MgO shows about half of the total decrease 
at a distance of IJ feet, while CaO shows only a shght early tendency, a minute 
phase of the total decrease, and similarly, though to a less degree, NagO. Recip- 
rocally, K,0 at that distance has received only a small portion of the entire increase. 
This increase in K^O, though possibly merely a relative increase, probably indicates 
an addition from without. The increase of iron and sulphur is doubtless tg be 
accounted for by the presence of disseminated pyrite adjacent to the fissure. The 
decrease in FeO at the beginning of alteration » which gives way to an increase in 
advanced alteration, suggests an early breaking up and release of iron from the 
ferromagnesian compounds preceding the addition of iron from without. And 
the decrease in CaO and Na^O probably indicates decomposition of the feldspars, 
and .that of MgO the breaking up of the ferromagnesian sihcates and feldspars. 

These facts, supplemented by such facts as could be obtained by study of thin 
sections of the highly altered rocks, tend to show that the alteration of the monzonite 
of walls adjacent to lodes consists of a metasomatic alteration of the ferromag- 
nesian minerals, of chloritization, sericitization, and siUcification. In the course 
of this metasomatism, pyrite, chalcopyrite, and pjrrrhotite have also been developed. 
This type of alteration resembles in its essential features that which Lindgren has 
shown to be characteristic of metasomatic processes in fissure veins; and from the 
above facts in themselves and in the light of his studies of similar alteration in 
various districts it would appear that the alteration was produced by heated solu- 
tions rich in KgO. 

Immediate causes of deposition of lode ores. — Among the many complex factors 
in the various processes by which the ores were formed two types are recognized, 
those whose action was primarily of a physical nature, and those whose influence 
was exerted through chemical agencies. It is well known that decrease of pressure 
decreases temperature and solvent capacity; also that decrease of temperature 
decreases solvent power. It may be assumed, then, that mineral-laden solutions, 
on ascending a fracture zone, experience a decrease in pressure wliich causes a 
decrease in temperature. Each of these physical changes tends to induce precipi- 
tation. Concrete field evidence of such facts is hardly attainable. It would be 
reasonable to suppose, also, that other physical features, such as inclmation of 
lodes and form of fracture zones, might have influenced deposition. It should 
be recalled that 90 per cent of the pay lodes dip at angles steeper than 45°. 
Although the more probable significance of this steep dip is that it enabled the 
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fissure to reach deeper in a shnrtei' diRtaiice, ami probably to nltain greater depth, 
he fact is not to be i^ort><l that a solution wniiUl meet with less resistance in 
its ascent if the fracture were steep than if it were of low iucliniitioii. A^piiii, the 
'racturing force was either conijircsBive or disjunctive, and the filling of the resulting 
rarture would therefore be either closely compacted or relatively loose. The 
'ormer structure being unfavorable to the passage of solutions might favor their 
retention, and, reciproi-allj'. the latter might encourage passage and discourage 
precipitation. The form of a fissure has generally been supposed to exert an 
i-nportant influence on deposition, iin the general principle that irregularity in a 
fissure, resulting in alternately closed and open or gaping portions, tends to vary 
the temperature and pressure of solutions and their solvent power. According to 
thLs the wider portions of a fissure should he occupied by larger ore bodies. It is 
remarked by those who explored the Silver Shield lode that in descent the ore 
thinned when the dip changed so as to make a det^^ided bend or knee in the fracture 
zone. Again, in the upper levels of the Montezuma, lenses of ore in zones appeared 
to ' ' form on the flats," ' so that the intervening more steeply dipping portions of the 
fissure were barren. Kxceptions to these observations were noted. . 

In Bingham two chemical factors seem to have exerted a strong influence upon 
the precipitation of lode ore.s, namely, calcareous composition and larbonaccous 
contents of wall rocks. That calcareous wall rock exerts such an tntiucncc appears 
to be demonstrated by several striking occurrences. From preceding descriptions 
it may be recalled tliat ore bodies in lodes are relatively much thinner between 
quartzite and porphyry than between hmestone walls. The same iode is found 
to e.vpand laterally on passing from quartzite and porphj-ry info limestone. .Nutin'r- 
ous large lodes, including those on the Galena and Neptune fissure.'; aheady described, 
and also many distinct miniature examples in various portions of the camp, indicnte 
that calcareous tvalls strongly induce ore deposition. This factor is sti commonly 
recognized and its importance so thoroughly appreciated that its extended consid- 
eration is unnecessarj-. 

The ore bodies have been so generally removed from the greater lodes that 
the precise character of this influence could not be observed. It is probable, how- 
ever, that it was in large measure like that observed along the minor (issiircs, 
namely, metasomatic interchange through which ore replaced cnlcarcous wall 
rock. The addition to the solutions of the material set free by Ihe rcpltiirnieiil of 
the country rock may also have exerted a favorable influence on fuifliir mr depo- 
sition. 

The chemical influence of the black shale on lode ore is also beliivcil in Imve 
been very strong. In the upper portion of the Bingham section inii-sive iwd- i 
black shale occur as thin transition members, as alternate members inli'rbeildt'd \\i 
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quartzite, and as heavy members, several hundred feet in thickness. A composite 
country rock, including these shales and their interbedded quartzites, has been cut 
by fissures. Several of these fissures roughly coincide witli t le beds in trend and 
dip; others exhibit various degrees of obliquity, and some stand practically vertical 
and trend transversely to the strike. Exploration has revealed in some of these 
fissures valuable ore bodies in association with black shales. Tlius, reference to mine 
descriptions will show that ore bodies in the Winamuck, Dixon, Montezuma, Ben 
Butler, Red Wing, Erie, and Fortune mines are intimately associated with black 
shale. Mention of an occurrence in a pseudofissure or slip plane, generally parallel 
to a contact, and one of an occurrence in a fissure which cuts shale and quartzite 
transversely to the strike, will serve to illustrate characteristic features. Thus, ore 
bodies in the Fortune occur along a movement plane which lies between a quartzite 
foot wall and a porphyry hanging wall, which gives way locally to a black shale. In 
the Winamuck and Montezuma black shale constitutes the regular hanging wall. In 
the Erie the locus of mineralization is a fissure wliic'i includes ore only sparingly 
(6 to 10 inches) between quartzite walls, but abundantly (12 feet) between shale 
walls. This general association of lode ore with black sliale becomes particularly 
significant when a lode, in passing from quartzite into black shale, changes from a 
lean seam 6 to 10 inches in width to a rich shoot 12 feet in width. 

A similar influence is suggested by the ascent of the steeply inclined restricted 
" pipes ^' or pencils of ore through the foot wall of the Winamuck to the great lode 
which formed beneath the black shale, as well as by like features in the Montezuma. 

Detailed examination of specimens of the shale and of the associated rocks from 
the various properties shows that this influence was probably chemical in nature. 
In hand specimens these rocks vary from light gray, dense, finely laminated, calcare- 
ous sandstone, through various types of gray to black, fine-grained, dry, unparted 
and dense shale to blue, compact, well-bedded, siliceous limestone. A sample 
(No. 290) from the main tunnel of the Ben Butler mine is a massive, fine-grained, 
silicified limestone cut by calcite veinlets. One (No. 285) from t^ie Erie is a black, 
semicalcareous shale, and one (No. 289) from the hanging wall of the Winamuck is 
similar. Under the microscope the latter is seen to be made up chiefly of angular 
quartz grains embedded in calcareous and black amorphous material. The specimen 
from the Erie is seen to be composed of subangular fragments of quartz disposed in 
rough layers, partially inclosed in a black, opa(jue, amorphous substance, and the 
whole roughly bedded and cut by calcite veinlets. The Red Wing Extension upper 
tunnel cuts normal calcareous black sliale. A tliin section of tliis shows it to be com- 
posed of angular cjuartz grains lying in indistinct layers inclosed by calcareous and 
blackish-brown matter, probably of carbonaceous charactei, and penetrated trans- 
versely by calcite areas, incipient veins (PI. XXXIV, /?). 
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No, 190. Lower tttnnol, WiMinuf^k mine Annl^mt, W. F. ilillcbrsad. 

No. 2&5. Uppvr tunnel, Erie minp. 

No, 280. LuwoT tunnel, Winamudc mine. 

No. 2<H). M«D UmDel, Ben BulW mine. 

LbsI llireo Hnalyses ( Nos. 285. 289. 290. quedilBtivc Msuiinktiona ) <n>n- miwlp by K. T. -Mli'ii. 

Karh auDple ntnttiiu some orgHnic, pmbsbly cBrbonwcoua. iniiCt«r. 

The abovo analyses indicate that these shales aj"e made iij» ehipfly of SiO,, 
jVIjO,, and C'aO, and in one instance (No. 290) of considoraltle Mgi.). They eonfirin 
the examination of those rocks in hand specimens and in llun .M>(-tiuns, which show 
the main constituent to he quartz, calcareous material, and iiuiiirphnii.'i remenl. 
Further, each of these rocks yielded upon analysis some organic muienal, pnilmlily 
mainly carbonaceous. Accordingly, the brownish black ainorphoiu iimtrix which 
incloses the quartz grains and imparts to these rocks their dark color is doulilless 
aluminous and carbonaceous detrital matter. In general, then, thtv^c rocks npiicar 
til be calcareous shales with carbonaceous impurities. 

In view.of the above facts it seems rea.sonablc to believe thtit the piiM-ipitaliuy 
power of these rocks is due to their content of CaO and MgO. tojjetlicr wiili iiifniuii' 
matter, mainly cai'bonaceous. If we may judge from the occurrence in ihe Krie, 
the process by which the metals thus precipitated were deposited whs one of rcplmc- 
ment. On the periphery of the shoot of rich lead and silver ore. IminU of mv jiIjit- 
nating with bands i>f shale show that the ore assumed the laniiimti-d -irm inn' nl ilic 
shale country. Accordingly, among the usual physical and chemiciil facinis w hich 
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appear to have influenced the deposition of lode ores in Bingham, calcareous com- 
position and carbonaceous contents of the wall rock appear to have played an 
Lportant part. 

Summary, — It appears, then, that heated aqueous mineral-bearing solutions, 
rich in CO, and KjO, rose along strong northeast-southwest fracture zones, altered 
their walls by adding quartz to quartzite, impregnating marble with metallic 
sulphides and specularite, and silicifying, sericitizing, and impregnating monzonite 
with metallic sulphides, and deposited the lode ores in largest volume between cal- 
careous and carbonaceous walls, mainly by filling, partially by replacement. 

GENESIS OF THE COPPER ORE IN LIMESTONE. 

The copper ore in limestone is essentially unlike the lode ore in composi- 
tion and in occurrence, and differs radically from the disseminated copper ore 
in monzonite in physical character and in geological relations. The detailed 
facts emphasize these general differences. They indicate that the copper ore in 
Umestone constitutes a separate type, distinct from either the disseminated copper 
ore in monzonite or the lode ore. Furthermore, these distinctive characteristics 
of occurrence may reasonably be supposed to result from distinct genetic factors. 
Among explanations which have been advanced for the origin of copper-sulphide 
ores are (1) concentration from original sedimentary deposits; (2) deposition in 
open spaces from solution; (3) pneumatolysis of the type characterized by boron 
and fluorine minerals; (4) replacement of country rock by mineral introduced 
in solutions from passageways; (5) normal contact metamorphism. A comparison 
of facts of occurrence with the requirements of these several explanations results 
in the retention of two interpretations for special consideration. Thus, the non- 
occurrence (so far as observed) of cupriferous sulphides in normal imaltered limestone 
and the great size of the ore bodies throw the burden of proof on those who would 
maintain their origin by concentration from their origuial form as sedimentary 
deposits. The entire absence of crustified structure or of any related evidence 
of preexisting open spaces excludes the theory of origin by deposition from solution 
in open spaces. The hypothesis of deposition solely through that type of pneuma- 
tolysis which is characterized by fluorine, chlorine and boron minerals is not substan- 
tiated in Bingham by the association of beryl, axinite, tourmaline, topaz, fluorite 
(except in one doubtful minute occurrence), and similar minerals. On the other 
hand, the occurrence of the great copper bodies exclusively in those portions of the 
great limestones that are characterized by premineral fissures requires that a*satis- 
factory statement of the origin shall recognize this constant and intimate association. 
And the occurrence of these copper ores in the vicinity of intrusives within highly 
metamorphosed limestone, in which tremolite, garnet, epidote, specularite, pyrrho- 
tite, etc., also occur, raises the query whether the contact metamorphism thus 
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itfliii^ftted may not have iaSffiiced lbs gea^ratiun of ouppf^r ores. The E-xplsastion 
of (he origiii of ocq>p«r or« in UiiiMKmi' involves, llicn, « »ipc<!u] oxAiaiimlion nf 
liw- facU with a vie«- to determining tht> parta probably played by (1) deposition 
from suhttioBS tntpKlw*^ through fiiciures, and C2) t-onlart melamorphism. 

Tb« maastve nipper-Kulphidt.^ ore occurs in lonsc^ within and along beds at one 
or niorw horinona in the thirk Unieiitones. Though of irregular fomi. thickening 
and thinning locally, and tcniiitiat ing along alt«^niiattvl, uneven margimi. thei^ 
bodies are roughly lenticular. In their large structure they are composed of beds 
which are continuoui* with the barren inclosing beds and which ore thus coincident 
with the original txMttling of the coimtry ruck. The detailed structure shows the 
name prc»urvfltiun of fin« lamination of original bedding, and frequently exhibits a 
pitted, cavernous, or drusy aspect (PI. XXXI, .^, B). The countrj- rock containing 
these iKMlies of c'-opper ore in traversed by .-rtrong northeast-southwest (east-westj 
fracture zones, whiuh were formed before the introduction of lead ores. It has 
almi been higlity nietamorjjhiwed in thene mineralized areas until it is no longer 
normal limestone, but has be^rome massively bedded, coarsely crystalline marble, 
bimdnl cherty marble, or altered siliceous limestone. 

Further, in addition to fiasuring and metainorphism. this mineralized country 
rock MS a whole has suffered much complex intrusion by nunierous dikes and sills, 
which in several instances occur in close proximity to bodies of sulphide copper ore. 

While these salient fa<-ts do not remove all doubt regarding certain important 
relationHhii)s, the occurrence of these ores suggests that the country was subjected 
in turn to intrusion, metamnrphism, fissuring, mineralization, and su)ise<|uent 
fracturing. The effect of this raetamorphisra in determining the character of the 
to-be-mineralized country, the immediate relatiim that metamorphism bore to ore 
deposition, and the relation of subsequently formed fissures to the deposition of 
copper ore, are points which appear t« demand special consideralifin. Accurdin^rly, 
the.se features will be considered in the light of specific criteria, with a. view to deter- 
mining their relations and the part, each agency took in forming IJic copper in Jimc- 
Hlime, under "Metamorphism of the limestone.'' "Process nf ore ilcposition," 
" lie bit ion of fLssnrea to deposition of copper ore in limcslonc, " " Reliition of 
intrusivM to deposition of copper ore in limestone.' ' 

M rUiinorph'uiin oj the Hiiifsti^nn. — The main limestuiips wbicli trtivcise the 
district from the desert on the east to West Mountain on the \M'^t. <'oiii|iii-.ijii; ibc 
•lordan and romniercial limestones and the Highland Boy, Yum])]). I'liocjii.v. mid 
I'etro* members to the north, have undergone extensive metaniorp]ii.--iii. Nnnimt 
blue limestone has been in some places highly crystallized and lliiis I'linnmi! io a 
white and banded marble (Fl. XX'VIID: in others it has been tlt.in.ii>:bh -IInU;.-!' 

in still others it has undergc armorization or siiiciliciuioii. »'■■ hir^ 

rock stnictnres, schist 0.11 ty, huh are not characteristic. In coii-i.l.'iiii^- iln 
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formation of copper ore in these metamorphosed limestones it is essential to con- 
sider also the general cause and the result of the metamorphism — the cause as 
indicating a possible cause of ore deposition, and the result as indicating the char- 
acter of the country rock in which the ore formed. 

Metamorphism of limestone may be due, in a broad way, to regional or to 
local metamorphism. The two have sometimes been found to be due to a single 
general cause. Regional metamorphism, however, is usually believed to result 
from excessive dynamic stresses and strains, accompanied by chemical and physical 
action, which induces alteration of rock structure and of rock composition over 
large areas. Local or contact metamorphism, on the other hand, is that restricted 
alteration of country, including stratified and preexisting crystalline rocks, which 
takes place in proximity to intrusive masses. Both sets of agencies may have 
combined to produce the metamorphism of the limestone in the Bingham district, 
as that area has experienced deformation by dynamic forces as well as intrusion. 

In this district areas of metamorphosed Hmestone are invariably located near 
bodies of intrusive rock. In upper Bingham Canyon, adjacent to the numerous 
extensive and complex intrusive bodies which characterize that area, the original 
constitution of the limestone can not be observed, as it is now entirely altered to 
marble, banded chert, and granular quartz. In the vicinity of Carr Fork, adjacent 
to the irregular dikes in that area, and on the northeast slope of West Mountain, 
just above the great Last Chance intrusive, the country rocks have suffered similar 
intense metamorphism. On the south side of Copper Gulch, in the vicinity of an 
irregular intrusive, the Commercial hmestone has been altered to coarse, white 
marble. On the other hand, a few hundred feet east, on the crest of the divide 
between Yosemite and Copper gulches, where there are no intrusives, the outcrop 
of the Jordan limestone appears as a normal, dense, massive, blue hmestone. The 
calcareous shales and siliceous limestone which characterize the upper portion of 
the section, and which occur about Dixon, Markham, and Freeman gulches, are not 
interrupted by intrusives and show no tendency toward marmorization. In tracing 
the great limestone belt westward across West Mountain and along the slope of 
Tooele Canyon for a few miles the winter encountered no intrusives and observed 
no metamorphism of the normal, massive, blue limestone. In brief, metamorphism 
of the limestone, while not exhibiting accordance with the broad dynamic features 
of the region, does appear to be coextensive with the intrusives, and thus is probably 
directly related to them. 

Although the general process of this metamorphism is sihcification and mar- 
morization, its specific character varies greatly. Detailed evidence was obtained 
on the south slope of West Mountain, where the Bingham-Tooele road extends 
over the Last Chance intrusive across a narrow strip of quartzite, across lime- 
stone, and westward along the strike of this limestone on the north slope 
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of Butterfivld Cftiiyon, An excellent optwrtunity was there offered to note the 
progressive metamorphimn whic)i has taken place in the same bed of limestone 
with diminishing distance from the intnisivo. Fig. 5 shows the general relation of 
thiis bed of limestone to the intrusivu and the locaJities from which specimens 
illustrating the changes observed were obtained. At u distance of about 700 feet 
from the outcrop of the intrusive the i-otik (Nu, 42) Li a normal, fine-grained, blue 
limestone, with hackly frarture, bearing fossils and calcite veiulets, which stand 
out in relief on a, weathered surface (see PI. XXIX, A). This character is main- 
tained to a point witliin about 525 feet of the intrusive, where the hmeatone ( No. 43) 
becomes slightly lighter in color. Through the next 20 feet of approacli toward 
the intrusive a striking change takes place. The limestone passes gradually into 
fine, even-grained, dense, partially crystalline rock, with a fracture between con- 
choidal, hackly, and feather, of a light-gray color, blotched with a black impurity. 
About 95 feet beyond, or about 410 feet from the intrusive, the alteration has 



Pid. .1.— Skelcb msp nbndiig 




progressed so far that the rock {No. 45) is an impure crystalline limesin 
normal marble of medium-coarse grain. Numerous other occurrences ,siio« 
these changes contmue until a coarse-grained, highly siUceous marlile result- 
brief, these transitions, in the same bed, from normal blue limestone li> cry^i 
limestone, observed in a rock as it approaches an intrusive, indiintc ii 
metamorphism. 

These features are borne out by examination of thin sections under the i 
scope. Thus, the normal blue limestone (No. ,42) shows irregular grains of i ; 
sections of fossils replaced by calcite, and small calcite veinlels in rni impni 
careoUH groundmass. The next stage fNo. 43) shows minute, rouTid gmins <>\' i 
in a clouded, calcareous groundmass, and a few subangular gnjins •■{ 'funyiy.. 
ably of detrital origin; and the nest (No. 44) shows a cIcuriiiL' ut ili<- ^.tmihh 
by concentration of the dark impurities into limited areos, mul lliP' rnninii 
of the formation of marble by the cTvstuIli/.alion of r-iili'ih- in nniiiilril 'jm 
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PHOTOMICROGRAPHS OF FRESH AND OF METAMORPHOSED LIMESTONE. 

A, Freali bliie linicstooo. (Sp, Nu. 42. Withoul analyzer, X 48.) South slope o! Kent Mountam, 
7O0 feet wpst of intniaiTe. A normal impure calcareoua mHtiix includes foesita nnd veinlels of rnloite. 

B. MelajDorphosed linieatonc, whitp marlilu. (Sp. No. 28. Without analvzer htiiJ cvi'pifiT. x 48.) 

granular ca. 
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small patches. The last stage represented (No. 45), exhibiting the crystallization 
in the marble, and the last before the completely and coarsely crystalline type 
is reached, is made up almost entirely of calcite penetrated by branching areas 
of calcite of unlike orientation; each area, but more especially the inclosed branch- 
ing calcite, inclosing minute rounded grains of quartz. In the final stage of meta- 
morphism the typical, coarsely crystalline marble, which may be observed within 
the intruded areas throughout the district, appears under the microscope to bb 
made up almost entirely of calcite grains (PI. XXIX, 5). 

Chemical analyses of specimens selected to show the characteristic stages in 
this alteration, and referred to in the above description by numbers in the paren- 
theses, are given below. 

Analyses showing changes in metamorphism of limestone. 
[Analyst. W. F. Hillebrand.] 



No. 43. 



SiOj. 
MgO 
CaO. 
CO,. 



27.78 

.34 

39.98 

30.76 



No. 44. 



27.76 

6.09 

38.91 

24.28 



No. 45. 



34.36 

6.09 

35.99 

25.91 



No. 43. Blue limestone from south slope of West Mountain, on road to Tooele. 
No. 44. Slightly marmorized limestone from same locality. 
No. 45. Marble from same locality. 

The general chemical changes which take place in limestone during its trans- 
formation to marble through contact metamorphism, as shown by these analyses, 
comprise an increase in silica and magnesia and a decrease in calcium and carbon 
dioxide. The silica, as seen by megascopic and microscopic examination, is chiefly 
in the form of quartz. It may reasonably be supposed to have entered as silicic 
acid emitted by the magma. The calcium is probably removed on the breaking 
up of the limestone and driving off of the CO,, and the apparent addition of Mg 
doubtless combines to form dolomite. The metamorphism is, in brief, a meta- 
somatism comprising silicification, dolomitization (?), and a partial decarboniza- 
tion. There appears, then, no reason to doubt that marmorization of Umestone in 
Bingham was induced by intrusives — that is, by contact metamorphism. 

Inasmuch as the character of country rock influences ore deposition, it becomes 
desirable to determine the character given to the limestone by this contact meta- 
morphism. For the present purpose this may be observed underground in the 
vicinity of ore bodies. In the Highland Boy, Old Jordan, and Telegraph mines 
metamorphism of limestone consists chiefly in marmorization and silicification. 
The Highland Boy ground, opened by the No. 7 tunnel, the western portion of the 
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No. C, coDsiderabIt- ground on the upper levels, and many crosacuts in the hang- 
ing wall, expose a great thickness of massive, coarse marble. The inner portion 
of No. 7 tunnel is entirely in massive, white marble, and the inner portion 
of No. 6 exposes & banded, calcareous country rock, in which the bands are alter- 
nately dark-gray, partially crystalline, Umestone and white marble. In the Old 
Jordan mine, particularly on the Emma level, occur both normal massive while 
marble and rocks showing intermediate states of marmorization. Certain beds 
appear to be entirely marraorized, while others, only partially metamorphosed, show 
a semierystalline mass inclosing lenticular and circular rings of more completely 
metamorphosed rock, which in turn incloses cores of less altered rock. Similar 
gradations showing the important stages in (he development of chert nodules and 
bamis are to be observed on the Evans level, Telegraph mine. Within impure, 
buff marble, an irregular oval band of fine-grained, altered, blue limestone incloses 
a fine-grained, buff, calcareous core. This has a fracture characteristic of chert, and 
is believed to be an incipient stage in its formation (PI. XXX, B). In other 
mines — perhaps nowhere in greater varietj' and perfection than in the Old Jordan — 
nodules and bands owiur in varying thickness along beds in the marble and in 
the ore. In color this marble varies from black to milk white (PI. VII, ,1, B), 
or may be pink, yellow, purple, rich brown (PI. XXX, B), etc. Granular quartz 
and porous, honeycombed quartz are also of common occurrence, and are clearly 
replacements of limestone induced by metamorphism (PI. XXXIII. ^1). 

The character of the alteration of Umestone into marble is indicated by com- 
parison of specimens of dark-gray bands with those of the white marble found in 
the Highland Boy (Pis. XXI, A. and XXVIII, A. B) and Old Jordan mines, The 
gray portion is an impure, partiallj" crystalline limestone, while the wliite is a coarse 
crj-stalline hmestone or marble in which minute rosettes of white acicular cri-stals 
(tremoHte) have developed. Under the microscope the white portion is .seen to 
be composed of coarse grains of calcite. and the gray to be less crystalline, with finer 
grains of calcite and masses of opaque, dark impurities segregated between them. 

Chemical analyses of the gray, or partially altered, and white, or entirety marmo- 
rized, portions have been made from samples in which the gray and white were 
taken from - - - ,;, ,, one from the llighlaiid Buy mine 

(PI. XV, B; Joman. 
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Analyses showing changes undergone by limestone during nieiamorphisnu 

[Analyst, W. F. Hillebrand.] 



SiO. 



A1,0, 

Fe,03 

FeO.. 

MgO., 

CaO.. 

H,0- 

CO,.. 
PA- 



No. 28. 



No. 3. 



Gray. 



White. 



Gray. 



} 



4.87 



30 



43.40 



12.50 
1.99 



I 



White. 



50.41 
«.80 



.99 
53.50 






39.32 



1.31 
45.52 

.23 

8.28 



SO,. 
MnO. 



3.66 
48.34 

4.31 

28.06 

.56 ! 
(6) ! 



24.57 
9.74 

11.81 

1.61 
.15 



Trace. 



b Undetermined. 



« Approximately. 

No. 28. No. 7 tunnel, Highland Boy mine. 
No. 3. Emma West drift, Old Jordan mine. 

Although the precise change which have taken place, either mineralogical or 
chemical, can not be determined without recalculating these analyses, the general 
chemical changes are apparent. Thus the following general changes appear to 
have taken place: A strong increase in silica (four to ten times) and in magnesia, 
and a decrease in CaO and CO5J. The silica probably enters into contact minerals, 
such as tremolite. In view^ of the considerable decrease of CaO and still greater loss 
of CO2, it is more probable that the increase of MgO w as utilized in the formation 
of the secondary magnesian silicate tremolite than in dolomitization. Accordingly, 
the general change here indicated seems to resemble that w hich occurred in connec- 
tion yiiih the alteration of the single bed of limestone on the south side of West 
Mountain (see p. 186). It consists of an increase in silica (siUcification) and decar- 
bonization. It differs from the former in that the gain in silica is much higher in 
the sampler from underground near centers of mineralization. 

In this connection the composition of barren altered material w ithin the copper 
bodies is significant. Three samples of white secondary gangue material from within 
typical copper ore bodies have been analyzed. 
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He. tu. 


So.1Wj> 


Mo. iis^ 




84.61 
\ Some. 

NoQO. 


ia.2A 








CttO- - 


1 TrwB, 
None. 
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These aiialj'ses show tliat the [trincipal constitulent of this gan^e — in faft, 
almost its sole constituent— is silica. Comparison of the amount of silica found in 
these samples with that in the marmorized specimens just described shows that the 
sihca in the gongue material is even lugher than in the barren marmorized material. 
Apparently, then, the effect of the mineralizing agent resembles that of the intrusive. 
in that it induces siUcification but possesses this influence to a much higher degree. 
It is lo be noted that the alteration induced by intrusivea was of a metasomatic char- 
acter, and did not destroy but retained perfectly the original structure of the country-. 
The effect of the mineralization, if in any way distinct from that produced by intru- 
sion, was to intensify silicification. It is not, however, possible to separate the 
two, even had it been determined that they were distinct in their charafter and time 
of production. In brief, it appears tliat, (1) so far as known, no ore is older tlian 
the intrusives; (2) an early action of the intrusion was the marinorization and silici- 
ficatiun of the limestone; (3) mineralization, if connected with ihc Intrusion, did 
not take place before the mctamorphism of the limestone, may have been in part 
rougldy contemporaneous, but in part at least probably followed the nu'tamor- 
phism; and (4) silicification was induced both by intrusives in the course of contact 
raetamorphism and by later mineralizing agencies. Accordingly, it appears most 
probable that the country rock in which the copper ore formed was a limestonp 
wliich had been metamorphosed to a siljcious, slightly dolomitic. stratified marble. 

Procfss of ore dffKmtion. — The structure of the copper ore and the occurrenn 
of the ore minerals afford conclusive evidence as to the process by which llic on- wb 
deposited. A knowledge of the nature of a process aids in di'lcniiiiiin;: llir ihu 
whir'" 'wd to deposition. Evidence regarding structure of ore and iniurriini- nl' c 
ab ' ■" 'he broad structural character of the slmnts nl' i'ii)i|irr ure, 

"^^ ' ■—'' and in the ocourrem-i' ainl uhsofialioi 

ler the microscope. 
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As was stated in the description of the structure of the copper shoots (p. 155), 
the broad characteristic of this structure is banding. This banding is not Uke the 
crustified or even the roughly banded structure of the lodes, but is a bedding which 
in form is identical with the bedding of strata. The chief difference is in composi- 
tion, these beds being composed of ore instead of limestone or quartzite. Bedded 
structure characterizes aUke miniature ore bodies, mineralized wall rock adjacent 
to seams, and large lenticular ore shoots. Thus mineralization adjacent to fissures 
in limestone took place along beds. Further, the marked deposition of ore along 
certain beds, and the shght deposition along others, appears to indicate a selective 
tendency on the part of mineral in solution for more soluble beds. Similarly, in 
smaU shoots the massive structure is a bedding of massive ore which is more exten- 
sive in some beds than in others. Finally, the immense lenses of cupriferous pyrite, 
e. g., those in the Highland Boy, exhibit the same massive bedded structure. This 
selective action leads to a very irregular periphery. The transition from massive, 
. solid ore to barren country on the periphery is not sharp, as in the case of the lodes, 
where the transition from the rich bands to barren wall rock is weU defined. On 
the contrary, it is gradual, passing from the bed of rich copper sulphide through lean 
copper ore, still poorer ore, merely stained country, to normal, barren, marble coun- 
try. Although the composition changes from ore to barren country rock, the struc- 
ture is persistent, so that a bed of ore is clearly seen to be a portion of the same 
bed of country rock; in other words, the ore has retained the bedded structure of its 
country rock. 

Innumerable occurrences of this character leave no doubt as to the banded 
structure of the copper ores. A few will suffice to indicate the general nature. 
The accompanying reproductions of photographs indicate the general stages in 
the deposition of ore in strata. In PI. XXXI, A, metamorphosed limestone adjacent 
to a feeding strike fissure — limestone slightly replaced by ore — is shown, and in 
B a more advanced stage of such replacement is represented. In PI. XXXII, A, 
a later stage of ore deposition is exhibited, in which the greater part of the country 
rock has been turned into ore and the original bedding is preserved only by bands 
of silica, while in PI. XXXII, 5, a still further advanced stage is shown, in which 
practically the entire mass is ore, and occasional irregular bands of granular quartz 
and a differentiation of the sulpliide ore into beds of somewhat unlike types indicate 
on a broad scale a bedded structure of the ore. 

The foregoing general examination of the copper ore in Umestone indicates 
that the copper shoots in limestone have a bedded structure, and that the bedding 
corresponds to the stratification of the country. These features are generally 
considered to signify in a broad way that the ore has taken the place of the country 
rock by substitution. They are characteristic of ^^ replacement'^ deposits, and 

10556— No. 38—05 13 
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accordingly suggest that tlie copper deposits in limeslone were formed by replace 
meut. 

^Uthough the facts presented have often been cited to show, in a general way, the 
replacemeni of country rock by ore, additional evidence is necessary for conclusive 
proof. On detailed observation it is seen that just as the massive beds of ore 
appeared to replace massive beds of rock, so thin bands of ore preserve the fine 
lamination, of the country rock. Thus, a sample from the No. 6 tunnel. Highland 
Boy mine, shows copper and lead ore making in bands in an impure semicrystalline 
limestoue; narrow seams composed of irregular grants of pyrite and chalcopyrite 
alternate with othei thin layers composed of galena, fiue-grained copper sulphide, and 
alteration products of limestone (PI. XXXIIl,7f). This may be seen on both large 
and small scale in the Old Jordan, Telegraph, and other mines operating on copper 
ore in limestone. Such criteria tend t<t inorea-sp the probability tliat the process 
of ore deposition in limestone was one of replacement. They hardly prove, however, 
that the metasomatic processes noted were ' ' moii>«ular processes involving simulta- 
neous dissolution and precipitation on the one hand," or "'previous dissolution 
and subsequent precipitation on the other.' ' " For ' ' the theorj- oF tlie substitution 
of ore for rock is to be accepted only when there is definite evidence of pseudo- 
morphic molecular replacement.' ' * And Lindgren has held that the only thorough 
proof of such molecular replacement is that obtained by microscopic examination 
of the occurrences of individual ore-making minerals. Microscopic study of thin 
sections of Bingham copper ore aSurds abundant evidence. Thus the thin bauds 
in the ore shown in PI. XXXIII, B, are seen to be in a partially sUicified, semi- 
crystalline limestone, and are made up of chalcopyrite and pyrite in rounded, 
irregular grains and filaments embedded in quartz and calcite associated with 
chlorite and alteration products of limestone. Some of the sulphide grains are 
inclosed in quarta grains wliich radiate from the sulphide. Such features are 
characteristic of replacement, and are usually deemed sufficient proof that the 
sulphide formed by molecular replacement of the country. Similariy, deposition 
of the galena by replacement js indicated by the occurrence of grains of galena 
and secondarj' grains of quartz in filaments lying between secondary seniicrjstalline 
quartz, in particles between tjuartz grains, and in irregular nms.-ie.> pent-trated and 
partially removed by quartz grains in semicrystalline areas. 

In view of the great size of the No. 1 shoot m the Highland Boy iriiru' and ihe 
possible hesitation on the part of some to admit that so large a body could In- I'linued 
by molecular replacement, special evidence was sought as to the mode of deposition 
of this particular w""" "' "™ Snofinums of pjTittzed silicilicd limeaKJUc ware 
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POROUS, CAVERNOUS STRUCTURE IN QUARTZ. 
BANDED PVHITE, CHALCOPYRITE, AND GALENA 



PLATE XXXIV. 
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PLATE XXXIV. 

PHOTOMICEOQUAPHS SnOWING REPLACEMENT OF METAMORPHOSED LIMESTONE BY 
CHALCOPVItlTE AND PITIITE. 

A, ChBlmpyriUdevelupinKin marmoriEed silirllied tiniesUjne. (Sp. H, B. 29; without analyzer. X 49 +-) 
From No.l ore body, No, 6 level, Uighbnd Bojmine. ChBlcopyril*(Ch) invading li mi' 'I oiii' iiiPtsmorphooed 
tosiliceoua marble made up o[ Ertoular cnlcilo (C) and quart* (Q). Chaioopyritc rapliipcs ralriie end c|UartE. 

B. ChalropTrite »iid pyrite rtplacing silictmiH limestone. (Sp. H. B. 26; wilhoiil iinnlyzer. "■ fiC.) 
From No. 1 ore body, No. (S level, HighUiid Boy luine. Irregular intergrowtti o[ cbalropyrile [Ch) and pyrito 
(P) repladng c&lci(« (C) and quarts (Q). 
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PIlOTOMICROOnAPUS snoWlNO SRPLACEUENT OF MBTAUOBPHO.SED LIMESTONE AKD 
A KQRHAL CALCARflOriS SBALE. 

A, Intergrowth ti> chalcopyrite tuid pjritt> nrplacing quarts. (Sp. No. 103b; wiLhout aQaljicr, X 4&} 
From No. 4 level. Highlond Boy mine. The dmli'upyrile and jifrite cndrrle and replace the quarts of an 
entirely siliaRed limeawne. This aertiim from a apeciiiien froiu an uppur level ahava cvideiicfti o( *uprrtirial 
alioratiun not apparent in tlie reprudui'tion. The morgiiiB of the sulphide!) ilif tarnitbt'd, siniulatiug pea- 

B. CuliTareous, carboiuucous shale. tSp, No. 2S).S; mthout analyier. X 4H.) Fn>iii tiaii^nii); nail, 
upper Ked Wing ExienaioQ tutiRfl Subangular quartz grains roughly lieddcd in i^alcBiTinis, earhonan^oiu 
njuii-ix. Some of calcareous nulcrisJ has partiall; ac|pv)ntted in irn^eular nrcu of cnlfilf ^-nviiis uud sliom 

early stl^ (rf tc-i" '' ' "' '~ """ -™^' '"" ' ---■-• -i ,j (j,^ l,lmk shiik .. ' ' " 
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embracing quartzite, limestone, shale, and intrueivea is much cnishod, fractured, 
and fissured. Within certain northeast-southwest fracture zones, lietween porphyry, 
quartzite, and limestone walls, continuous ore occurs. Within limestones and cal- 
careous shales, adjacent to these ore-bearing fracture zones, ore occurs in flat hodies 
corresponding to Umestone strata. 

A natural supposition arises that the ore-hearing agent entered strong, deep- 
reaching fissures, rose along them, depositing ore in transit, entered readily soluble, 
calcareous rocks, and made out laterally from the fissures along more easily replaced 
limestone strata. 

This supposition appears to be somewhat further strengthened by several 
criteria gained tlu-ough detailed studies. The principal copper bodies are either 
adjacent to or apparently cut by 
strong mineralized fractures. In coim- 
try rock which has not been pene- 
trated by fractures such ore shoots are 
unknown. Neither the '' filling ores " 
in the fractures nor the "replacement" 
ores in the limestones are older than 
the intrusives. and it is not known 
that the two were not formed con- 
temporaneously. That the solutions 
were ascending appears to be proved 
in localities where mineralized fissures 
bifurcate and terminat-e upward (sea 
fig. 6). Fuially, several occurrences 
exhibit bands of ore (argentiferous 
galena in the Neptune and cupriferous 
and auriferous pyrite in the Colorado) 
in fissures diverging laterally from their 
parallel vertical course and continuing 
horizontally into limestone (sec llj;. 7). 
On the other hand, it is to be noted that the typical replacement ore in lime- 
stone is essentially a copper ore and the typical lode ore is essentially a lead-silver 
ore. Thus, the No. 1 shoot in the Highland Boy mine is a mixture of copper and 
iron sulphides with associated gold and silver in minor amounts, while the typical 
iode ore, e. g., Silver Shield and Galena lodes, is an argentiferous galena witli (ina- 
sionally argentiferous tetrahedrite and a scattering of copper and inm snlpliidea. 
These two types of ore, the pyritous copper and the argentiferous Icail. >« fur as 

known, have not been oost v^ grade one into the other, bm me miiifrai 

ogicaily distinct. Furthermore, while the copper bodies occur in liincsloin' inljiicen 
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to lodes, the physical connection of one with the other was lot found in the course 
of underground study. Although ore bodies are unknown in unfractiired ground, 
much fractured country rock has been explored which did not show ore. As regards 
the relative date of the deposition of the lode ore and of the replacement ore, the 
former is later than the intrusives, the latter, in part at least, is probably roughly 
contemporaneous with intrusion. The age of the bulk of the replacement ore has 
not been proved. It was probably either contemporaneous with intrusion or con- 
temporaneous with the subsequent deposition of the lode ore. Certainly not all 
replacement ore was deposited simultaneously with lode ore. 

Regarding the occurrence in the Colorado mine of copper sulphide in a fissure 
feeding replacement ore in limestone, it is to be noted, first, that the example b 
an isolated and extremely limited one, 

and, second, that the occurrence is f^'' -.^vHT^i—'^-^rf-'tvrr^f-^^ '"■' ■■^ 

unusual, the copper ore in the fissure 
not being the typical lode ore. 

Although these comparisons throw 
doubt on the probability that the lode 
fractures were the channels by which 
the copper-bearing solution reached 
the limestone, they do not disprove 
that supposition. Search for con- 
clusive evidence on these critical 
points was unsuccessful. Additional 
evidence is required to warrant the 
conclusion that strong fissures were 
the sole sources of copper-bearing 
Botutions. Until that is obtained, 
the part played by fissures in the 
generation of these ores can not be 
definitely stated. 

Relation of iritruetves to deposition of copper ore in limestone. — It is a common 
observation that intrusives are causatively related to the generation of ore. The 
precise character of this relation has never been acceptably determined. Recently 
microscopic study has served greatly to increase knowledge of this problem. It 
tends to show that a distinct tj-pe of ore, indicated by characteristics of composition 
and association, is formed through the agency of intrusives. Ores of this type may 
be termed "contact deposits." 

"In many schemes of classification and description the term 'contact deposit' 
has been somewhat loosely applied to all accumulations of useful minerals (other 
than those of unquestioned sedimentary origin) which are enclosed between two 
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The gangue contains garnet, wollastonite, epidote, ilvaite, amphibole, pyroxene, 
quartz, and calcite; rarely fluorite and barite. *'The characteristic feature is 
the association of the oxides of iron with sulphides/ '...*' and the presence 
of various silicates of lime, magnesia, and iron.' '^ 

All of tliese characteristic ore minerals occur in Bingham associated with 
bodies of copper ore in Umestone, and a number of the gangue minerals have been 
recognized. Specularite was found in quartzite on the slope above the Evans 
tunnel, and it occurs plentifully in the Higliland Boy mine in limestone adjacent 
to fissures of the great east-west fracture zone (see PI. XXXVI A, and fig. 2). 
It is a finely cleavable variety that occurs in masses associated with magnetite, 
chalcopyrite, and pyTite, and inclosed by bands of hematite. It also occurs in 
radiating foils mingled with chalcopyrite and pyrite, replacing calcareous wall rock 
adjacent to minor fractures. In other cases it is in seams and crystalUne flakes 
associated with the same minerals and some galena and carbonates of calcium and 
magnesium. Small quantities of a magnetic black metallic mineral are intimately 
associated with specularite. No titanium was detected in tliis by wet test, and 
it is beheved to be magnetite. Galena is found with these minerals; also zinc blende; 
both, however, in subordinate amounts. Pyrrhotite in massive form is disseminated 
through some of the copper sulphide ore in intimate association with pyrite and 
chalcopyrite. Finally, pyrite, and especially chalcopyrite, is associated with these 
type minerals in lean ore on the margins of ore bodies adjacent to intrusives in the 
Highland Boy, and constitutes the bulk of the primary copper ores. 

Thus a sample from the base of No. 1 shoot. No. 7 tunnel, Highland Boy mine, 
along the zone of transition from ore to barren marble, and adjacent to a cross- 
cutting sill, affords clear evidence on the association of chalcopyrite and garnet in 
marmorized limestone adjacent to intrusives. The development of pale brownish- 
green garnet in a groundmass of calcite is seen, under the microscope, to proceed 
from small, rounded grains tlu-ough larger, semicrystalline grains to well-formed 
crystals and aggregates of crystals (see PI. XXXVI, B). Intimately associated 
with these garnets are grains and irregular patches of chalcopyrite. Thus grains 
of chalcopyrite appear at the core of garnet crystals, scattered through them, 
distributed along their margins, and also associated in similar unsystematic 
manner with the aggregates and irregular areas of garnet. Occasionally garnet 
appears inclosed by chalcopyrite. (Nearly some of the garnet was formed after some 
of the chalcopyrite, and before other portions of chalcopyrite. It can not be 
afi^med that some of the garnet and some of the chalcopyrite were not formed 
at distinct dates by different factors. The observed features tend rather to show, 
however, that the garnet and chalcopyrite are of contemporaneous origin. Again, 

a Llndgren/Waldemar, Character and genesis of certain contact deposits: Genesis of Ore Deposits Am. Inst. Min. Eng.. 
1S02, p. 717. 
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zinc blende occurs in irreg^ular masse.s embedded in the calcite ^oundniasa ana 
fringed and penetrated by naiTow irregular bands of chalcopyrite (PI. XXXVII. A). 

A number of the other characteristic gangue mineralB have been detected. In 
addition to the occurrence of garnet, described above, others have been found in 
tlie Highland Boy, Old Jordan, and Commercial mines. Secondary quartz and 
calcite are found associated with intrusivcs throughout the district. GreenJsh- 
yellow chlorite (a more unusual contact mineral)" has been recognized in several 
places, especially in the fractured country adjacent to east-west fissures in the 
western portion of the Highland Boy mine. It occurs in elongated lenticular areas 
associated with calcite, adjacent to a fissure within a shear zone. Again, bands 
made up of small, irregular grains of chlorite traverse a granular groundmass 
of calcite. Branching seams of chalcopyrite penetrate the chlorite along the 
contacts of these bands with the groundmass. Plates of chlorite inclose grains of 
chalcopjTite in another occurrence. In another slide of a sample from the Highland 
Boy mine, subangular grains and medium-sized pieces of olivine occur, in some 
instances apparently passing into serpentine. Tremolite occiirs in coarse marble in 
stellate aggregates of white, acicular crystals. A small occurrence of an unproved 
mineral resembling fluorite was found in the HiglUand Boy; and large areas made 
up of bundles of fine, parallel acicular crystals or filaments occurring in marble 
are probably composed of the silicates that are typical of contact nielamor- 
phism of limestone. Further study would doubtless lead t-o the discovery nf other 
minerals characteristic of contact metamorphism. 

The extensive contact metamorphism in this district, the occunence of gnnguc 
minerals characteristic of contact deposit-s in intimate association with ore minerals, 
the restriction of the copper shoots in hmestone to areas of contact metamorphism, 
the content of some gold and silver in the sulphides, and the associarion of oxides 
of iron with the sulphides of copper, suggest strongly a causal relationship between 
intrusives and deposition of copper ore. 

The development of chalcopyrite in contact-metaniorphic garnet, and its asso- 
ciation with chlorite, pjrrhotite, and specularite (PI. XXXVII, li). show that 
some of the copper ore in limestone is a ''contact deposit.' 

The presence of tellurium, although not understood a! present, may be .li^jnifi- 
cant. A characteristic sample of black copper sulpliide associated with and apitar- 
ently secondary upon pyrite and chalcopyrite, from the Conuncrciul mine. yicUled, 
on assays bj- Doctor Allen, 42.3 per cent copper, 58.6 ounces silver, and li.s outh'cs 
gold; and qualitative teats by Doctor Ilillebrand showed that apprcciahli' uniniints 
of tellurium, antimony, and arsenic were present. He concluded Ihiil ■ ' fmiii ihe 
amount of tellurium present , arobable that the silver and jzi-kl Imtli exist 

aHu-kcr. i .rology lor Studoiils. -id od.. im', p. 2H3. 
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PLATE XXXVTT. 



PIIOTOMICBOGRAPDS OF CHALCOPTIUTE ASSOCIATED WITH CONTAIT-METAMORPUIC 
MINEHALS. 

A. Chftlcopyrite with zinc blende and gurnet in caloite. {Sp. H. B. 16; without snnlyier, wilh coiirerg.T, 
X 36.) From metamorphtmed li[ueatoQ(< 60 feet [rom moozunitic intrusive, No. T level, Higliland Boy iniiw. 
The darkest areas (Ch) are intorgrowths of chalcopyrite and pyiile. They fringe ihe ilncl'lende (2) and 
un» iniergTown with it and green Bamet (G), Thn groundmaas is caldte (C), 

B. Spwnilariti' replacing calclte. (Sp. No. 313; without analvMr, X 6G-r.) From wiill of B«9t-«'c«l 
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a portion of the copper ore has been found without doubt to have been inimediateiy 
due to intrusives. The eTidence is not sufficiently complete to justify the conclu- 
sion that all the copper ore in limestone was formed by the influence of iiitruBivea. 
Summary. — Although the precis*! parts which ascending solutions from fissures 
and intnieives played iii the formation of the copper ore in limestone has not been 
determined, the main features are clear. In general, it is probable that the principal 
source of the copper ore in limestone was the magma of the intrusive; that the 
mineral elements were transported by the intrusives and by thermal solutions and 
vapors emitted from both their superficial and deeper portions, and that ore was 
deposited by molecular replacement of W uietjuiiorphosed, at least partially mar- 
morized, and silicified country rock. 

PEEIODS OF MINEBALIZATION, 

Two periods of mineralization appear to be indiejited by the general occurrence 
of the ores, but absolute proof is lacking. The occurrence of chalcopyrite and pyrite 
intergrown with contact metamorpliic minerals adjacent to intrusives on the 
border of the largest body of copper ore in the district significa that some of the 
copper ore was formed by contact metamorphic action at the date of intrutiion. 
The argentiferous lead ores, however, occur in fissures that traverse the intiusives: 
accordingly, they were formed after the intrusion. No means of fixing this later 
date of mineralization has been found; it may have been immediately after (he 
intrusive had cooled to auflicient hardness to allow distinct fissuring. In this case 
it may be conceived as a later effect or consequence of the intrusion. Or it uiii;hl 
have been deposited contemporaneously with the extrusion of andesili', wliiiii i^ 
believed to have occurred considerably later than the mtnision. Thi' alinciici' nf 
metallic values in the extrusive so far as known is unfavorable to the liy](inlK's.i.s 
that (he fissure and lode are contemporaneous with the extnision. It thus a]>pi'ii!->i 
probable that the fissure and lode ores were formed subscijueiil to the ihitc uf iniin- 
sion — perhaps by after action. The continuation of hands of Icml orr nui fnuu 
a fissiu'o along beds of limestone, as observed in the Neptune mine, oinl siiiiiliirt\ 
of cupriferous pyrite, as observed in the Colorado mine, would serni to iTulieuU' 
thai some of the ore in limestones, copper as well as argenlil'cnmH lend, wits imi 
formed until the second period of mineralization. Some observations, nf uneertuin 
value, in the York, Petro, Montezuma, and other properties, al.-^n sii^'^'esl iium- 
than one period of mineraUzation. 

In short, the ores of Bingham were probably depositi-d dtiriTii; t«ii tiiiijti iicrinds 
of mineralization, some of the pyritic copper ore being de vein pi ^d eiinlriii|jiiruiie<iusly 
Vith intrusion, and the argentiferous lead ores and the ifuiaindrr 
ore being deposited 1 a ter^ possibly by after action. 



SUPERFICIAL ALTERATION OF THE ORES. 211 

. DATE OF ORE DEPOSITION. 

Although it appears that the main ore bodies at Bingham which occur in sedi- 
ments He entirely within rocks of upper Carboniferous age, the precise date or dates 
when ore deposition took place have not been fixed. The special difficulty in deter- 
mining the date of ore deposition arises from the fact that only a small part of the 
geologic history — that recorded by a portion of a single formation — can be read 
within this area, and that this part can not be precisely correlated with any part 
of the record of neighboring areas whose geologic history is known because this 
region is separated from them by extensive Quaternary deposits. Time Umits can 
be determined, then, only by broad and correspondingly uncertain correlations. 

Dates of periods of mineralization are commonly fixed with reference to geologic 
events of known geologic date. In this instance it is known that ore deposition 
took place after the deposition of upper Carboniferous sediments, after the epoch 
of intrusion, and after the formation of northeast-southwest fissures. On the other 
limit it is known that ore deposition took place before Assuring in northwest-south- 
east directions and secondarv movement on northeast-southwest fissures. Further, 
although definite evidence could not be found to prove the age of the northeast- 
southwest and northwest-southeast fissm'es and of ore deposition as related to that 
of the epoch of extrusion, it seems probable that ore was deposited long before 
extrusion occurred. If the period of extrusion in this region was contemporaneous 
with that of similar extrusions between the Wasatch and Uinta ranges, it took 
place after Vermilion Creek Tertiar}^ time. On the other limit, the period of intru- 
sion took place later than upper Carboniferous time. According to the closest 
approximation it is now possible to make by such necessarily broad and uncertain 
correlations, the ore at Bingham was deposited between upper Carboniferous and 
VermiUon Creek Tertiary times. 

SUPERFICIAL ALTERATION. 

Owing to lack of development in depth in mines which are open, to inacces- 
sibiUty of abandoned workings in oxidized and carbonate ores, and to drowning 
of the deepest mines, the data relating to the alteration of ore deposits in Bing- 
ham are necessarily incomplete. Isolated points and portions of the succession 
of changes representing different stages in the sequence of alteration were 
observed. By combining these, and comparing the composite history thus obtained 
with results obtained in other districts under more favorable circumstances, certain 
general conclusions have been reached. In view of the imperfection in the record 
of alteration, these understate rather than overstate the probabilities. 

The alteration of ore deposits, as that phrase is commonly understood, com- 
prises those changes which take place through the oxidation of the surface portions 
of ore bodies to oxides, carbonates, etc. Observations of this process long ago 



2ia OEOLOOT OF BINGHAM MINING DISTRICT, UTAB. 

passed the theoretlc&l stage, and it is now generally accepted as a factor of primary 
commercial importance. In late years the extension of mining operations to new 
regions having peculiar climatic conditions, and to greater depths in the old camps, 
has made possible the elaboration of this conception along lintts of vital importance 
to mine owners. In brief, below this zone of o.xides, carbonates, etc., a zone of 
rich aecondan" sulpliides of limited vertical extent is now usually recognized. Below 
this a zone of leaner sulpliides extends to unproved depths. 

This zone of rich secondary sulphides, intermediate in position between the 
overlying zone of oxides and carbonates and the underlying zone of lean sulphide-, 
has been termed by the originator and elaborator of this conception a ' ' zone of 
secondary enrichment.' ' ' It has been clearly shown by Cmmous, Weed, and iillieis, 
and by recent evidence, that this enrichment results from the downward extension 
of superficial agencies. As such it may be regarded as one phase — a. lower, perhaps 
the lowest, round in the ladder of changes which constitute superficial alteration. 
In this discussion, then, the term superficial alteralion will be used to denote not 
only the more superficial changes which led to the formation of oxides and car- 
bonates, but also the extension of those changes which results in the production 
of secondary sulphides. 

General character. — Superficial alteration of the ore bodies has produced three 
great zones which are disposed roughly parallel with the surface, and thus witli 
one another. The upper, at and immediatelj' below the surface, is known as the 
oxidized zone; the next below as the carbonate and oxide zone, and the third and 
deepest, as the sulphide enrichment zone. These zones differ in position and extent 
for the ores of different metals, and are rarely sharjtly limited even for an ore of a 
single metal. Below these the ore bodies extend in their original i>r unaltered 
condition to unproved depths. The depth to which the alteration as a whole 
extends, as well as the limits of the several zones individually, is inconslaiit and 
often poorly marked. In a broad way. however, the depth is h-ast along the siinunii 
of the range and greatest along the Jordan Valley. 

From an economic point of view this aspect of the study i^ of highest interest, 
since from superficial alteration has resulted a relative concentration of the oxidized 
gold ores, the production of the desirable carbortate ores, and the deposition of the rich 
black sulphide copper ores. In view of this importance, and to as-sisl in the exten- 
sion of our knowledge on this subject by further collection of data, snme of the 
general factors involved in superficial alteration will be briefly stated. 

Factors. — Temperature and moisture, two of the three essentia! climulii- cli- 
ments, combine to make climate the most important single factor in the surl'iitc ullcni- 
tion of ore deposits. Through •precipitation, water, the primarj' agent of nltemtion. 
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is supplied and gases of the atmosphere are collected. A lack of water may in part 
be compensated by an increase in time, but even then the compensation is not com- 
plete, as is shown by the relatively shallow alteration in some regions. Temperature 
operates to facilitate chemical reactions by heating solutions, influencing vegetable 
growth, hastening decomposition of organic matter, and by forming gases and 
furthering rock disintegration, owing to the difference in the ratios of expansion of the 
several constituent minerals in rocks; and it is a well-known fact that in warm, arid 
regions a deficit of precipitation and a surplus of high temperature causes conditions 
that peculiarly affect alteration.^ The chemical and physical characters of the 
country rock are also important. The nature of the feldspathic constituents in 
igneous rocks; the presence of carbonates, sulphates, and silicates of the alkalis; 
the occurrence of rare elements of peculiar stability — all these and many other things 
aid in determining that fundamental point, the chemical character of the waters. 
The permeability of a rock — whether loose coquina or compact massive marble, 
discrete sand or a fine-grained mud shale, unconsolidated recent tuff or granular, 
crystalline igneous rock — governs in large measure the circulation of the agents of 
alteration. Crushing and fracturing tend to increase the permeability of rocks. 
Well-defined slip planes in one area allow surface waters to pass far below the level 
reached in adjacent unbroken countr}^ rock. Finally, surface relief enters into the 
problem by determining the fall, and thus the scope and activity of ground water 
from the time it passes beneath the surface until it reappears at the lowest level of 
surface drainage (imless previously brought to the surface by an aquifer). This 
base of the relief and the lower limit of the vadose or shallow undei^ound water 
circulation occupied by surface drainage approximately determine the depth to 
which oxidation may proceed. This last-named factor, relief, or topography, is one 
which is insufficiently recognized. Reconstniction of former drainage systems, 
accurate determination of interruption in the geographic cycle (movements of land 
masses with respect to base-level), the recognition of the extension of a drainage 
system through stream capture, or, reciprocally, the division of a drainage basih by 
the intervention of accidental barriers — all these and other similar physiographic 
features are of the deepest significance in determining the depth to which surface 
waters may reach to-day, or may have reached in the past. 

Present mine waters. — Two sources for the determination of the chemical char- 
acter of mineral-bearing solutions are afforded — present mine waters, and the 
chemical nature of deposits from earlier solutions. 

The waters which flow from the large copper mines, after passing from the sur- 
face down through the ore bodies, are deeply stained with copper sulphate. Deposits 
from mine waters upon walls and timbers underground include iron sulphate (melan- 

a Emmons, S. F., The Delamar and Horn Silver mines; two types of ore deposits in the deserts of Nevada and Utah: 
Trans. Am. Inst. Min. Eng., February, 1901. 
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terite), zinr sulphate (goslaritc), copper sulphate, (chalcaiithite), and eoppcr- 
arisenic sulpliiU* (pisanite). In water which had descended through monzonitp and 
(juartzitB along tho Galena fissui-e to the Utah Idvcl, and there came to a stand, 
linioiiite of the "bog ore" variety was deposited to a thickness of at Jeast !0 inches. 
This same phenomenon was noted on a smaller scah' in connection with standing 
mine waters in many mines of the district. In the MonteKunia, Old Spanish, High- 
land Boy, and the Winamuck, sulphureted hydrogen was given off when the waters 
were agitated. In the Rosa and the lower Midland tunnels waters descending 
along fracture planes are depositing a yellowish -brown and red matter which 
resembles limonite. Water wliich has pei-colalcd through igneous rock into a 
tunnel in Climax Gulch, just below the Niagara mine, tastes strongly of the sulphate 
of iron, and water piped for domestic use from an old tunnel in quartzite, and pos- 
sibly some porphyry, just below the Niagara mine, proved strongly acid, turning 
litmus bright piJik. Present mine waters indicate, then, that although those descend- 
ing through limestones and pocphyrics may l>e somewhat alkaline, after acting upon 
sulphide ores they escape laden with sulphates of zinc, copper, and iron, and in the 
cases tested are acid. They are, so far as known, descending waters, however, and 
accordingly ai-e related to the superficial alteration of the ore rather than to its 
original deposition. 

The evidence gained from the second source, namely, the chemical nature of 
ores, is not so complete and definite. Nonmelallic residues taken from within 
bodies of sulphide ore which formed in limestone pmved, upon analysis by Doctor 
Hillebrand. to be made up almost entirely of silica and to contain only minute 
portions of the alkalies calcium and magnesium. Similarly, seanw in the cuprifemus 
pyritic monzonite of Upper Bingham, also fissure veins in monzonite at the head 
of Muddy Fork, are coated v.-ith small, imperfect crystals of rjnartz; again, cliert, 
porous quartz, massive quartz, sugarj-, siliceous powder, and oilier forms of silica 
occur abundantly in connection with replacement bodies. In thin sections of these 
ores, also in those of cupriferous pyrite-bearing porphyry, abundant quartz is inti- 
mately associated with metallic contents, and calcite is generally absent, tliough 
occasionally present in the former in minute quantities. An exception to this 
siliceous nature of the ores is found in certain lead-silver fissure ores — e. g,. Silver 
Slueld and Nast. Hand specimens of these ores show at the core of (lie veins vugs 
lined with calcite crystals, or, as in the Queen vein, with dolomite cry.-^liils, nnd in 
thin sections calcite may be seen filUng fractures in galena, pyritc, iluilcnpvrilc, 
and sphalerite. In brief, with the exception of secondary rarbonati's in i'[*riiiin 
fissure ores, the gangue of the ore appears to be mainly of a siliccnuf- i-lmracti-r. 
The influence of the countrj' rock was probably to make the solutions alkaline: 
the evidence at hand is not conclusive beyond showing tliat the ore-lx 
were siliceous. 
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Extent of alteration in depth, — The ore bodies in this district, which He in the 
steep slopes of the mountain range, from its summit to its junction with the desert 
on the east, might be expected to show a progressive increase in depth of superficial 
alteration from the summit of the range to its middle slopes, then a decrease in 
depth to the surface outlet of ground water in the foothills. The data available 
show that tliis is the general fact, though notable exceptions to this broad theo- 
retical expectation appear. Some of these are explicable. Our knowledge is insuf- 
ficient, however, to satisfactorily explain all the apparent discrepancies. The chief 
difficulties are inaccessibility of certain mines located at crucial points and lack of 
knowledge of the physiographic history of the region, the area studied being too 
limited to show the succession of physiographic events. In many cases mining 
development in the camp has not progressed sufficiently to prove the lower limit 
of the sulphide enrichment zone. Accordingly, inasmuch as the tliickness of the 
entire zone of superficial alteration from the surface to primar}- sulphides can not 
be fully treated in discussing depth of alteration, only the zones of oxidation and 
carbonatization will be considered. In general, these two zones are shallowest 
along the main summit of the range and a^long major divides, are deeper along well- 
established, deeply-incised drainage lines, and are deepest along the old and most 
deeply marked depression. Thus, immediately below the summit, in the Zelnora, 
Last Chance, and Albino mines, sulphide ore occurs comparatively near the surface. 
Lower down the ipain eastern slope, in Steamboat ground (United States Mining 
Company), oxidation is reported to have extended 75 to 100 feet below the surface; 
in the Stewart, as may be seen to-day in the Phoenix, oxidation was thorough but 
not deep, and in the Highland Boy it has reached in places to a depth of 300 feet 
below the present surface. In the Commercial, below the Steamboat, it attains a 
depth of 325 feet, and in the slope overlooking the Jordan Valley, in the Brooklyn 
mine, oxidation is reported by the last two superintendents to have extended to a 
depth of 1,200 feet, which is equivalent to 1,450 feet below the present surface.^ 
Additional data show, however, that this is not constant and that there are striking 
exceptions to this general observation. These exceptional cases must be explained 
according to the individual conditions to which they have been subjected. The 
more extensive and deeper oxidation on the Hooper level. Last Chance mine, than 
in the Zelnora, is probably due to the fact that the country rock in the former was 
a very pure limestone or marble, and in the latter a ver}' siliceous limestone. 
Another similar exception is undoubtedly shown by the great difference in depth 
of alteration in the Brooklyn and Yosemite mines, as in the Brooklyn the ore is 
understood to occur in a massive limestone, and in the Yosemite in a siliceous zone. 
Furthermore, several cases are known in which ore in porphyrj'^ favorably located 

a Mr. A. P. Mayberry states that the depth reached by oxidation hi the Brooklyn is 1.200 feet, measured on an incline 
and Mr. Charles Legg that it is 1,200 feet, measured Tertically. 
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. for alteration shows only slight changes, while ore in limestone lees favorably 
located for alteration shows marked change. In brief, it seems well establishiHl 
that for the operation of oxidizing agencies pure limestone is more suitable than 
siliceous limestone, and that limestone offers far more favorable conditions than 
igneous rock. 

An illustration of the influence of physiographic changes is to be found in a 
comparison of extent of alteration in the Dixon, where it is 75 feet, with that in 
the Brooklyn and the Yosemite, where it reached 1,450 feet. In the former the 
surface outlet for ground water is hardly 100 feet below the outcrop of the ore- 

, bearing horizon, and in the latter the depth of ground water, though urknown. is 
great. Thus alteration in the Brooklyn and the Yosemite is pr;sumultly deeper 
than in any of the mines within the main canyon, because the true or rock bottom 
of the Jordan Valley is of unproved depth (at least 1,400 feet, as indicated by a 
boring at Sandy) below the present stream level. At an earher period, when 
drainage Howed upon this rock bottom, oxidation might well have proceeded to 
corresponding depths in the slopes in which the Brooklyn now lies, apparently low 
down but in reality high in the now btiried slopes of the Oquirrh Range. .Similar 
differences in depth of alteration about the head of Bingham Canyon in Carr Fork, 
and in Yosemite and Kej-stone gulches, are probably to be similarly explained. 

With regard to the depth of altenation in individual mines, it would be expected 
that its lower limit would lie roughly parallel to the overlying surface of the ginund. 
Naturally it would not be precisely parallel, for where fissures nuiy lie readily 
penetrated, or soluble rocks occur, alteration would proceed deepest and llie limiting 
plane would bow downward. This is analogous to the unevenncsw of ilic ln\v.>r 
limit of vegetable soil and to its downward extension into the siilistiij hIdui: t<ii> 
roots, fractures, et«. The two lower limits are similar, neither bcin;^ rcijuliir iiluncs, 
both being subject to similar irregularities, and both being niu^'li jiinni's linwrd 
under the inidslopes. 

Thus, in the Dixon, Caledonia. Crown Point, and Telegraph mines, len.-;e,s aiul 
narrow linear bands of oxidized ore penetrate the sulphide mass deep below Ihc 
:nain oxidized body. In certain instances it-appears that the prevailing I'onceplion 
that oxidized ore is restricted to portions overlying sulpliidc ore is imi wlmlly inii\ 
Through various causes oxidation not infrequently proceeds witliiii inchm-d sul- 
phide bodies along planes or pipes and thus produces oxidized uri- iiiidir iis well 
as over sulphide ore. The extension of these phenomena resutlw in llu' piir-Migr 
from oxidized to sulphide ore and in a similar manner from enriched sulpliidr ov lo 
primary sulphide ore. Thus, in descent below the siuface zone of complcirly oxirji/i il 
ores there may be found cores, thin stringers, and finally beds of siilphiiir-: difii, 
maintaining the same character of changes, only in reverse order as thf -iirfnci' is 
left higher and higher above, the oxides decrease to beds, stringers, and isi^luii il cnn s 
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until the ore body is made up of enriched secondary sulphide ore. To some degree 
in the Bingham district, and completely at Morenci, Ariz., the writer has observed 
precisely analogous transitions from rich sulphides to primary sulphides. In brief, 
on entering an ore body at the surface the oxidized portions first encountered are 
passed on penetrating deeper underground, whether by descending an incline or 
through the rise of the surface overhead, and the underlying sulphides are reached. 
This feature was well showm in the Highland Boy, Telegraph, Fortune, Caledonia, 
and Tiewaukee. 

Downward limit of alteration. — The depth to which superficial alteration, 
including sulphide enrichment, may extend is a question of greatest economic 
interest. Below that limit the commercial value of ore is problematical. 

The theoretical limit of oxidation is the level of the drainage of tlie surrounding 
country. The prevailing conception of this has been well stated by Posepnf ^' as 
follows: 

"As is well known, a portion of the atmospheric precipitate sinks, through open 
fissures or through the pores of permeable masses, into the rocks, and fills them up 
to a certain level. When in a given terrain . . . the ground water . . . 
has been reached at several points it is found that these points are in a gently 
inclined plane, dipping toward the deepest part of the surface of the region, or 
toward a point where an impermeable rock outcrops. The ground water is not 
stagnant, but moves . . . down the plane mentioned and finds its way, in 
the first instance, directly into the nearest surface stream; or, in the second instance, 
forms a spring, which takes indirectly a similar course.*^ 

While the lower limit of the vadose water has been commonly considered 
roughly to mark the downward limit of surface alteration, obviously the actual 
limit is that depth at which oxygen is exhausted. That some surface waters reach 
below the level of surface drainage and produce some, though doubtless very feeble, 
oxidation is recognized. Thus, some instances are known in which oxidation by 
downward-moving surface waters has extended much below^ the ground-water level, 
notably that cited by WinchelP' in connection with the Lake Superior iron ore. 
But, in general, it would appear to be true, as Penrose * has stated, that ^ ' above that 
level there is a constant circulation of water from the surface downward, thus 
affording means of active oxidation; but when the water reaches that level not only 
has most of the oxygen contained in solution generally been used up, but also the 
circulation of the water is much more sluggish, so that oxidation is much less 
active." This limit does not, however, restrict other types of alteration which 
may take place A^dthout preliminary oxidation, though such enrichment of sulphides 
as can only follow oxidation will obviously be limited by the depth to which oxida- 

aPoHepn^, Franz, Genesis of ore deposits: Genesis of Ore Deposits, Am. Inst. Min. Eng., 1902, p. 18; discussion, p. 228. 
b Penrose, R. A. F., jr., Jour. Geol., 1804, p. 296. 
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portiona and yellow sulphide forms tlip inside portion, between thr black sulphid^ 
The boundaries between the two are nol shaip, but the black give^ wny grudually 
to the yellow, sending linaily only narrow stringers uito the core. The black 
material is composed of ehalcocite and tenorite, melaconite, probablj' some tetra- 
hedrite, and tollurium with gold aJid silver. The yellow core is mainly gramdar 
pyrite. In brief, this is believed to show the replacement of a mass of primary 
sulphide by black copper sulphide. 

In addition to affording evidence that the process of enrichment is molecular 
replacement, this sample also gives valualile infonnalion on the ocx?iirrence and 
transfer of values in secondary enrichment. Selected samples of the black sulphide 
and carefully picked samples of the yeliow sulphide were tested for their values by 
Doctors Ilillebrand and jUlen in the laborHtories of this Survey. The yellow, prob- 
ably primary sulphide, yielded n.I ounce of fiold; 3.32 ounces of silver, a little copper, 
and a trace of tellurium. The black sulphides yielded 3.8 ounces gold, 58.6 ounces 
silver, 42.3 percent copper, and a proportionately increasi'd amount of tellurium. 
Doctor Hillebrand is of the opinion that ' ' from the amount of telliuium present it 
seems probable that the silver and gold both exist as tellurides.' " This goes to show 
that not only are the copper values thus highly raised by enrichment, but that gold 
and .silver believed to occur as tellurides are jiroportionately enriched. The high 
ratio of values in the priman.- sulphide to those in the secondary also suggest that if 
these added values were derived solely by robbing overlying low-grade primary 
ores, a large mass would have been required to afford such a large incrtase. 

This enrichment may be observed t<i proceed gradually until, through the 
continued relative increase of tlie secondary sulphide and decrease of the primary, 
the entire mass of an ore body is made up of enriched high-prade black sulphide 
ore. This constitutes the so-called ''black sulphide'' ore, which is ilic ricbe.-st 
copper ore in this camp. In its typical occurrence it is a loose. dv\ . dull i;riiuu!ar 
black, earthy ore. intermingled with gray and grayi.sh-black nu'lalhc scales and 
larger portions. This may frequently be seen inclosing cores of yellow sulphide 
and intimately associated with chalcopyrite and pyrite. Although this black ore 
varies in character somewhat, it is found on chemical examination ol selected 
samples from several mines to consist cluefly of ehalcocite (black j;iilphide of 
copper), tenorite (black oxide of copper), melaconite {ma.**sive earthy variety of 
the oxide of copper, tenorite), some tetrahedrite, and probably some euargite. 

The stages of alteration and the general charat^ter above described are cliar- 
acteristic. Other types were noted, however. Thus in the Iligliland Boy altera- 
tion seems to have taken a somewhat different form: carbonates and nvides ]iti~s 
into a zone characterized by chalcopyrite, tarnished and coated «ith bornilc iind 
seamed with li uit-. Spe<...,ii ii chland Boy ore fnim i 
thin sections tie mii w. ranular, fractured mass -n 



8UPEBFI0IAL ALTERATION OF THE 0BE8. 223 

traversed and rimmed about by seams of limonite. In the Northern Light, upper 
tunnel, in a corresponding zone, coveUite coats chalcopyrite. And a specimen 
from the Kempton made up of pyrite crystals (possibly two generations) is coated 
with masses of chalcopyrite which in turn bear upon their surface crystals and 
coatings of tetrahedrite (PI. XXXVIII, B), 

Below this zone of sulphide enrichment, low-grade cupriferous pyrite occurs. 
The passage out of this zone in depth is, like the entrance into it, gradual. Within 
the body of rich black ore nodules and grains of cupriferous pyrite occur, and in depth 
these become more numerous and pass into continuous bands which lead to the 
primary sulphides. The transition from secondary to primar^^ sulphides, begun 
in this way, progresses by continued decrease of secondary and reciprocal increase 
of primary sulpliides. Thus the lowest workings in the Commercial and Telegraph 
are still in a zone of sulphide enrichment, in the Jordan below the water level, and 
in the Highland Boy a zone of p\Tite has been encountered, which shows a decrease 
in the copper content. 

Development work has not reached a sufficient depth in Bingham, however, to 
afford complete evidence on the entire series of changes. And the character and 
value of the copper ore in depth is not known. Numerous other similar occurrences 
elsewhere in this countr\^ tend to show, however, that tlie copper values will gradu- 
ally fall off in depth as the enriched ore gives way to primar\^ sulphides. 

An excellent instance of the normal and expectable sequence was observed at 
Morenci, Ariz., which may be given in its broad features, as a standard. Strong 
copper veins arc there accessible from the surface to a depth of over 500 feet below 
the lowest adjacent surface drainage. At a depth of from 500 to 350 feet below the 
surface a promment vein consists of fresh pyrite carrying very low copper values; 
from 350 to 250 feet the vein is slightly rusted and the copper content increases 
about one-third ; at 250 feet the cupriferous pyrite passes gradually into a very low-- 
grade black sulphide, first indicated by black films about pyrite which gradually 
increase until the black sulphide (chalcocite) constitutes the body of the high-grade 
ore. Above, the oxide (cuprite) appears on the walls of the sulphide vein and increases 
in proportion as the depth beneath the surface decreases, until it forms the major 
portion of the vein; similarly, on approaching the immediate surface zone the green 
and blue carbonates (malachite and azurite) and the black oxide and brochantite 
appear upon the outside of the red oxide in increasing quantity until they in turn 
comprise the ore body. 

As an expectable corollary to the alteration series, as above sketched, the 
presence of native copper should be noted. In Bingham it occurs in thin, arbores- 
cent plates in cracks in the quartzite foot wall under the black sulphide of the main 
copper shoot on the lowest level of the Fortune mine. Similarly, larger samples 
occur in the Neptune. In one mine at Morenci, Ariz., scales of native copper appear 
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scattered through the black sulphide. On the lowest level in another mine ' 
10-inch vein possessing the same type of columnar structure that characterized the 
black sulphide veins is composed entirely of native copper. 

The above descriptions present the facts of superficial alteration, including 
sulphide eiuichment. observed in Bingham. Although the complete series was not 
observed in any one occurrence, it is believed that together they composed an 
accordant sequence. Properly to interpret and correctly to explain theactions which 
have produced th^ni, however, involves the understanding of facts and principles 
as yet unproved. Knowledge of ihe change in depth, from the process of oxidation 
characteristic of ihe upper portion of the alteration zone to one of reduction below, 
is incomplete. Strong evidence has been advanced in support of this change and 
the consequent deposition of sulphides." Thus, at LeadviUe, galena is found to he 
enriched with silver, and, similarly, zinc sulphide appears to have been removed 
from the surface zone and redeposited below as sulphide. Such changes have taken 
place in Butte in the case of copper, as has been determined by experienced students 
of ore genesis. Wliile there can be Uttle doubt as to the reaUty of secondary sulphide 
deposition, nor as to the probabihty that it took place from descending waters, tlie 
posaibihty of such secondary deposition from ascending waters should also be 
recognized. Little is known regarding secondary movements of ore which Tuay 
take place during the ascent of mineral-laden waters, but it is not unreasonnble to 
suppose, in the absence of contrary evidence, that such movements may occur, and 
that the resulting secondary deposition of sulphides would be in all ways like that 
now held to result from the downward movement of surface waters. 

In view of these recognized uncertainties a final interpretatii)n of ilic svi[)i'r- 
ficial alteration of copper ore in Bingham is not possible. A tenlativc. ircticral 
explanation, however, may be offered. The copper ore was apparently dej)0[sitL-d 
originally in metamorphosed limestone in the form of the sulphides, pyrite, ami 
chalcopvrite. Surface water containing free oxygen, descending through limestone, 
doubtless became carbonated and in certain instanc*^, in percolating through inliu- 
sives, probably took up some of the component alkaUes. The oxidation of I lie 
cupriferous sulphides by such carbonated waters would have produced carhomitr.s 
and oxides of copper. Reduction of these carbonates and oxides would yield nai ivr 
copper. Beyond this stage, oxidation having ceased and reduction nluni' chur- 
acterizing the alteration, secondary sulphides might be found. 

On the other hand, if the surface water had descended upon the .sulphide ores 
in its normal state without having been charged with carbonates and rendered 
alkfiline, it is probable that in the presence of free oxygen ferric sulphate would funn. 
The reaction of tliis sidphate solution upon cupriferous iron sulphides ha.s bcoii rmind 
by Doctor Stokes in the laboratory of this Survey to be expressible b 

11 Emmona, 3. F., eoconiJarj onrichmGnt at ore deposlU: QbdmIii oI Ore Dsposila, Am. Inel. Mln. 
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Black sulphide marking the zone of sulphide enrichment, then, constitutes the 
body of the copper ore for a considerable distance in depth. This distance varies 
much, and, owing to deformation of country rock and lack of development, can not 
be stated definitely. It may be said in a general way, however, that the thickness 
of the zone of oxides and carbonates is not so great as the thickness of the zone of 
black sulphides. The transition from the zone of oxidation to the zone of sulphide 
enrichment is gradual. It is to be seen in its eariiest stage in the slight enrichment 
along fractures in primarj^ sulphides, in hand specimens, and in thin sections showing 
various stages in its progress. Thus in a large body of low-grade cupriferous pyrite 
which has been exposed by the Utah tunnel and Iron stope, Old Jordan mine, 
fractures traversing the mass of otherwise fresh primary sulphide carry a grayis!:- 
green, fine-grained, pulvenilent matter which includes grains of pyrite. The pri- 
mary- sulphide carries, when crystallized, less than one-hundredth of 1 per cent of 
copper, and the massive probably does not average over 1 per cent of copper, while 
the alteration deposit has been found by Dr. E. T. Allen, in the laboratory of this 
Survey, to carrj^ a very small but increased percentage of copper. This undoubtedly 
indicates an initial stage in the sulphide enrichment of the primary sulphides. 
Similarly, in the Commercial mine, a grayish-black sulphide is traversed by fractures 
which carry a deep-black material that is said to run much higher in copper than 
the inclosing sulphide. 

Thin sections of rich copper ore made up of black sulphides and chalcopyrite, 
from the West Emma and Coolidge stopes, Old Jordan mine, reveal details in the 
progress of this alteration. Massive, porous chalcopyrite in a quartz gangue is 
seen to be traversed by many cracks. Narrow bands of a grayish-black metallic 
mineral fringe the edges of chalcopyrite, penetrate the mass along these cracks, 
and even line the walls of interior spaces in the chalcopyrite. Although in some 
instances intergrowth is rather uncertainly suggested, in many places the black 
metal is clearly seen to have formed along cracks that were developed after the 
chalcopyrite had been deposited, and to replace the chalcopyrite. 

This replacement is parallel with the substitution of sulphide ore for country 
rock in the original deposition of the copper ore (p. 199). The main visible differ- 
ence between that replacement by the original sulphides and this replacement by 
secondary sulphides is that in the former a metal was substituted for rock, and 
in the latter one metal (black copper sulphide) takes the place of another metal 
(original pyritous sulphides). Although the thin sections illustrate this perfectly, 
they are not favorable to reproduction by photography. In PI. XXV, A^ however, 
secondary chalcopyrite in altered monzonite may be seen to be encircled by dark 
bands which are composed of replacement black sulphide. 

An advanced stage in this replacement is indicated by a hand specimen from 
the Commercial mine (PL XXXVIII, C), Black sulphide ore makes up the outer 
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equation: CuFeS^+Fe^ (SO,)3=FeS,+CuSO,+2FeSO,; then the black sulphide 
of copper might have been produced " (a) directly by further oxidation of the iron 
bisulphide and copper sulphate, thus Cu2S04+FeSj+0.^=Cu2S+FeS04+SOj, or 
(6) by the interaction of the copper sulphide and iron bisulphide, thus Cu.SO^H- 
FeS=Cu^jS+FeS04, or (c) by the reaction of the copper sulphate and oxygen upon 
chalcopyrite, thus CuFeS.,+CuSO,+02=Cu,S+FeSO,+S03. As the surface 
descended by erosion the normal surface waters coming in contact with black sul- 
phide thus formed might oxidize it and produce the carbonates and oxides. In 
both instances the original chemical composition of the ore and of the country rock 
exerts a controlling influence upon the character of the initial solutions, and thus in 
determining the succession of alteration. 

Alteration of the lead-»ilver ore. — The agencies operative in the alteration of ores 
in general are also active in the superficial alteration of argentiferous lead ores. 
Owing, however, to the manner of occurrence of these ores and to their peculiar 
chemical character the result is quite different. Their occurrence seems in a general 
way to be limited to fractures which are not restricted to limestone but traverse 
porphyry and quartzite also. This fact partially determines the chemical condition 
of descending surface waters. Again, the fissures in which these ores occur present 
a special case in the circulation of underground waters. Further, it is well known 
that galena is comparatively stable under oxidizing influences and that tetrahedrite 
possessing a variable and complex composition undergoes proportionately complex 
and unknown changes. 

Galena is the primary lead sulphide and supplies the oxidation products of 
that metal as well as of some silver, and tetrahedrite carrying high silver values 
is probably the chief source of products resulting from the alteration of silver. 
Opportunities for a proper study of this problem were lacking, consequently the 
general conclusions reached are the composite result of isolated observations. As 
regards the alteration of silver ores, excepting the argentiferous galena, nothing 
can be added to statements of others based upon observations in other camps. 
Lead ores afford somewhat better opportunities. 

Galena occurs on the adit levels of most of the fissure mines in a practically 
unaltered state, and it may be traced even up through the surface alteration zone, 
characterized by oxidized gold ore and carbonate copper ore, to the present surface. 
Thus, it is said by an original locator that galena showed extensive and prominent 
croppings on the surface of the present Jordan claim. Similar occurrences are 
reported elsewhere. 

These indications that surface alteration of lead-silver ore was slight are borne 
out by underground study. Some masses of lead sulphate and carbonate have 

a Van HlBe, C. R., Some priaciples controlliDg deposition of ores: Genesis of Ore Deposits, Am. Inst. Min. Eng., 19U1, 
p. 967. 
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been encountered. Thus, it is stated that "on the foot wall of this (Jordan) vein 
immense bodies of terusgite, with some anglesitc and galena, were found;"" and 
similarly it is stated regarding the ore in tlie Load mine that "all between the walls 
was ore, . . . which consisted of a light-brown, granular, and crystallized 
cerussite (locally called 'crystallized lead') niLxcd with small angular fragments of 
quartz. In about the center of the mass, dipping irregularly 45° SW., was a body 
or chimney of clear cerussite 10 inches squai-e."* 

In the first tunnel on the Winamuck property some nodules of galena were 
found embedded "in soft, oxidized ochericore,' ' but most of theoro was soft, brown- 
yellow, siliceous ocher containing born silver and cerussite. In the York vein. 
York mine, west incline, small masses of crystalline cerussite occur embedded in a 
broniiish -black decomposition product. In brief, actual occurrences show that 
iead-silver ore alters with relative slowness to sulphates and carbonates. The 
nature of this alteration has been found to be well exemplified in a sample from 
the Zelnora mine (PI. XXXVIII, A). This typical specimen of lead-silver ore 
exhibits five distinct stages of alteration, as follows: 

(1) The interior or core consists of fresh, cleavable galena. 

(2) A narrow band, of dull, dark-green to black color on cimclioidal fracture, 
one-tenth to one-twentieth of an inch in width, marks the periphery of the giileiia, 
and extends into it along cracks and pits. On testing this alteraliun |>niduc-t 
chemically it proves to be the lead sulphate anglesite. It is quite probabli' t imt 1 lie 
color is imparted by a trace of copper which, existing as an impurity in the f^alcnu, 
is treed at this first stage of alteration, and then, owing to its ease ot aiti'iiiliiin, 
soon passes off. Slight traces of copper, remaining in the form of minute gldlmlen 
of malachite upon the surface, afTord some basis for this explanation. 

(3) Upon this dark band of sulphate rest thin, grayisb-hnmii imnclhi', wliicli 
give way to typical gray-brown anglesite with high luster in scattered, imperfect 
crj'stala. 

(4) The carbonate, as proved by wet tests, occurs upon the surface of this 
sulphate. 

(5) The oxide of lead, in the form of a finely granular, .scaly, sulphur-yellow 
mineral of resinous luster, with streak lighter than color, lias formed upoji the 
surface. This may be massicot. In brief, then, the expectable changes resulting 
through oxidation are here seen in the passage from the sulphide thmugh the 
sulphate and the carbonate to the oxide. 

AlUniHon oj gold ore. — The principal occurrence of gold known in Hin^'lmm is 
in pyrite, and the pyrite wliich has suffered alteration tc any degree incurs in 
limestone. Accordingly, the most important alteration of gold ore kntiwn is that 
proved in the surface workings in the great hmestones on the Stearnbuat, .lurdau, 

« Duntlay, D. B., Teolb Ceiwu*, Tol. 13. p. 109. " FrtPni, j.. 4a). 
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Spanish, Telegraph, Stewart No. 1, and on the Hooper (Last Chance Company) 
and Highland Boy properties. 

Bodies of unaltered pyrite in limestone were found to contain from a few cents 
to a few dollars. Under the microscope, p\^rite taken well down in the zone of 
primary sulphides appears massive, fresh, and unaltered, and contains grains cf 
chalcopyrite, but no visible gold; and study of thin sections of pyrite from higher 
in the same zone reveals narrow filaments and irregular branching lines of a deep- 
brown cofor which traverse the pyrite. In slides of cupriferous pyrite taken in the 
overlying zone of transition from sulphides to oxides this alteration is seen to be 
further advanced. The brown alteration product fringes grains of sulphide, 
extends into the sulphides in bands of considerable width, incloses it in isolated 
areas, and, excepting included bits of sulphides, entirely fills fracture zones in the 
sulphides. This appears seal-brown in color, translucent and opaque in transmitted 
light, and a dull, darker brown and opaque in reflected light. Although commonly 
homogeneous and without visible structure, a concretionary or botryoidal structure 
appears in some seams in which the lobes are bounded by concentric bands of lighter 
color. This substance is apparently limonite, which is formed as an alteration 
product from pyrite and chalcopyrite. It is significant in that it marks the initiation 
of extensive and important changes. 

From this level of initial alteration to the surface, the level of perfected alter- 
ation, extends the zone of altered gold ore, and throughout this zone samples of 
ore may be found that exemplify each stage in this process of alteration from fresh, 
unaltered pyrite to completely oxidized pyrite. The descriptions of the ^'oxidized 
gold ore,^' mined in the Stewart and adjoining claims of the Bevan Company, in 
the Jordan, Excelsior, Steamboat, Utah, Spanish, Highland Boy, Winamuck, Tele- 
graph, Levant, and Colonel Sellers, agree entirely in their general features. Thus, 
referring to the typical ore in the Stewart, Huntley states that it consists of bodies 
of ocher-stained ore in porous quartzite, bearing fine quartz crystals and lying 
between quartzite walls, and adds that ' ^ the whole mass is permeated by clay and 
is strongly stained with oxide of iron, which gives it a brownish-red color. "'^ The 
ore in the Bevan and Stewart No. 2 workings, according to Huntley, is 'Mike the 
Stewart, but much more friable, and consists of a mass of smalL imperfect crystals 
or grains of quartz, very slightly cemented together by clay^ and the whole strongly 
stained with oxide of iron.' '* In brief, the so-called oxidized gold ore is a siliceous 
honeycombed ore, with small quartz crystals frequently lining the pores, stained 
to various shades of brown, and dusted and coated black and brown by ferruginous 
oxidation products. The gold is not visible, though often free-milling, and it is 
eeid that the value of such gold ore can not be judged on examination of hand 
eyecimens. 

o Huntley, D. B., Tenth Census, vol. 13, p. 417. b Idem, p. 419. 



The processes which havp set free and relatively concentrated the gold are 
comparatively simple. A single specimen taken from the Clark raise, Old Jordan 
mine, exhibits the principiil stages in lliis alteration, as follows: 

(1) No alteration: fresh pyrile imbedded in {glassy, massive, and unstained 
quartz. 

(2) Initiation of oxidation; .tlight mating about periphery of pyrite. 

(;i) Advancing oxidation; minute [«re of pyrite within maaa of dull-brown 
alteration produtt, limoiiite. 

(4) Advanced oxidation, fold released;- pyrite entirely oxidized: spate which 
it formerly filled now entirely occupied by a brown alteration pi-oduct. 

(5) Completion of Alteration and concpntration; brown alteration product 
removed, leaving pit in ijuartz with rusted walls and probably gold invisible and 
free. In brief, this sequence shows the manner in which the gold may be freed 
liy the oxidation of gold-bearing pyrite and the subsequent removal of the oxida- 
tion products. These ohangea probably comprise (a) the attack on gold-bearing 
pyrite, iron sulphide, by oxygen of surface waters, resulting in the formation of 
ferrou.s sulphate and consequent freedom of gold content; (&) the breaking up of 
iron sulphate into sulphuric acid, Umonite, and water; (c) the passage of the acid, 
water, and linionite downward, leaving tho gold content in the resulting cavity, 
and thus the accomplishment of the relative concentration of free gold. 

Economic importance of superficial aUerai'um. — The economic vahic tif tuper- 
ficial alteration lies in two general classes of improvements produced: (II Physical 
changes whereby the pay is relatively concentrated and rendered more accessible, 
and (2) chemical changes whereby the valuable metals are comparatively enriched 
and rendered more easily reducible, Under the former the process of freeing gold 
and thus of relative concentration, the weakening and bi-eaking up of country 
rock, and the transporting of values from elevations down to accessible levels mai 
be noted. Under the latter, the formation of easily reduced carbonates and oxides 
and sulphide enrichment by addition from the overH'ing impoverished zone aie 
recognized. Gold ores undergo natural concentration, as explaijied in detail uuuei' 
the alteration of this ore through the decomposition am! removal of the pyrite tr 
which it occurs. The natural separation affected by alteration of sulphides In^ 
quently changes an otherwise low-grade, rebellious ore, into a faii'ly bigh-graile, 
free-milling gold ore. C«untrj- rocks of every tj-pe — more especially liniestane — 
are subjected to solution by percolating waters, including various iirids, in viiciji- 
tions in temperafiu'e, ond in the cose of clastic rocks to the rcimivul ul' ccinciii, 
all of which tend to render them more porous, frangible, and workiililc In t-uiiic> 
old carbonate workings limestone has been so decumpused that il is rncrclv liro«n 
ocherous material of chalky consistency, while workings in the vicini 
Gulch penetrate jK>rphyry which is so decomposed as to be easily cut w 
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Again, the decomposed and shattered porphyry cut by some of the test tunnels 
in the vicinity of Upper Bingham stands in strong contrast with the obstinate 
fresh porphyry in the Utah tunnel (United States Mining Company) . This change 
from otherwise firm, extremely resistant rock, which offers great difficulty in under- 
ground development, into easily worked rock is a fact well recognized by miners. 
Transfer of values downward is one of the most practical of the physical advantages 
of surface alteration. In mining camps located in regions of strong relief, heavy 
expense is frequently incurred in building transportation routes from the canyon 
bottoms up to mines located at lofty, hardly accessible, elevations, and in transpor- 
tation of mine supplies and mine output. By carrying metallic values downward 
in solution superficial alteration tends to reduce the expense of mine operations. 
Practical illustration of this saving is afforded by the reduction of mining expenses 
made by operating through a single low-lying work tunnel, as in the No. 7 tunnel. 
Highland Boy mine; British tunnel. Last Chance mine; Evans tunnel, Telegraph 
mine, and new work tunnel in Copper Center Gulch. 

The economic value of chemical changes produced by alteration is scarcely 
appreciated. The metallurgist recognizes the saving accomplished by the oxida- 
tion of sulphides to carbonate ores, but that effected through the efficient, extensive, 
and thorough concentration of values in the zone of sulphide enrichment can hardly 
be estimated. 

GENERAL COXCLU8IOX. 

Between Carboniferous and late Tertiary time, monzonitic intrusives invaded 
sediments in the Bingham area, metamorphosed them, and introduced metallic 
elements which replaced marbleized limestone with pyritous copper sulphides. 
After the superficial portions of the intrusives had cooled to at least partial rigidity, 
they and the inclosing sediments were rent by persistent northeast-southwest 
(and some east-west) fissures. 

Heated aqueous solutions from the deeper unconsoHdated portions of the 
magma then ascended these channels, altered their walls, and introduced addi- 
tional metallic elements. At this time more pyritous copper sulphide may have 
been added to that formed earlier in the Hmestone in connection with contact 
metamorphism. Monzonite, including its original metallic constituents, was altered; 
copper, gold, and sulphur were probably added, and auriferous copper sulphides 
were formed. The silver-lead ore was deposited in the northeast-southwest 
fissures, mainly by filling, partly by replacement. 

Since this second period of mineralization these original sulphide ores have 
been altered by surface waters, in their upper portions into carbonates and oxides, 
and relatively enriched in their underlying portions through replacement by black 
copper sulphides with additional gold and silver, probably as tellurides. 
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INTRODUCTION. 

The developed properties in this district number more than a hundred, and 
include about half a dozen groups of extensive underground workings, a large num- 
ber of workings of moderate extent, and many prospects. In the t-oui-se of the 
geologic- exploration all Rt-cossible underground workings have been visited, the 
geological structiiii' and features exposed theiein have been mapped in detail, and 
the ore occurrences have been critically studied. The more important facts thus 
observed are described in this chapter. 

The properties are taken up in geographic order. Those gi-ouped together in 
Bingham, Butterfield. and Pine canyons and in their tributaries are descril>fil 
together. Tlio order is as follows: Upper Bingham Canyon. Bear Guith, Copper 
Center Gulch and middle Bingham Canyon, Carr Fork, Muddy Fork. Cottonwood 
Gulch, Dixon Gulch, Markliam Gulch, Freeman Gulch, Dry Fork, lower Biiigliam 
Canyon, Midas Creek, Keystone Gulch, Copper Gulch, Yoseniite Gulcli. Saint.";' Uesi 
Gulch, Black-jack Gulch, Pine Canyon, and Baltimore Gulch. 

Brief statements on the general geology, the characteristic occurrence of urir., 
and the order of treatment of properties in each case introduce Ihe ilcliiilcd descrip- 
tions of the mines in that respective locality. The salient fcuUirc^ of individiinl 
properties are presented in the following order: Geographic situation, histnrv lin 
case of larger properties), location, development, and economic gciilogy. Ihe Im iit 
including descriptions of the coimtry rock on the surface and undeiynniiid, and of 
such features of the ore bodies as croppings, form and distribulioji iindergnniiid, 
strike, dip, walls, and of the ores both as to character and vaUic. In certain cases, 
where it seems desirable, the sequence of geologic and economic event-s i.s concisely 
reviewed. The system outlined above has been toUowed throughout tlic fnltdwiiig 
descriptions, except that in special cases minor omissions or vuriiilinus nrc iiniiir 
as may be required. 
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UPPER BINGHAM CANYON. 

Geological situation. — A great belt of ore-bearing limestones crosses the upper 
portion of Bingham Canyon obliquely, with a general east-west course and a north- 
ward dip. It is made up of two members, the upper (called the ^'Commercial lime/' 
as it is best known in the mine of that name) having a thickness of at least 230 feet, 
and the lower (called in like manner the ''Jordan lime") approximately 225 feet 
thick. From 80 to 100 feet of quartzite lies between the two limestones, and forms 
the hanging wall for the Jordan and the foot wall for the Commercial limestone. 
Normal massive quartzites inclose this series. Underground exposures on the 
Galena tunnel, and, it is reported, on other abandoned workings, have shown a 
third limestone, from 8 to 12 feet thick, which lies about 300 feet stratigraphically 
below the Jordan limestone. This limestone, it appears, has never been found here- 
abouts on the surface. This series has been deformed bv extensive intrusive bodies 
of monzonite and by faulting along strong fissures. 

The intrusive masses are separated superficially by the Jordan limestone 
into upper and lower members. The lower and larger mass has been traced from 
Butterfield Canyon over the divide at the head of Bear Gulch; also, up Porcupine 
Gulch, along Bingham Canyon, thence westward to the head of the canyon. There 
it breaks upward, truncating the Jordan and Commercial limestones on the east 
and the massive hmestone of West Mountain Peak on the west, and extends up into 
Muddy, Log, and Carr forks. A thin sill of considerable economic importance 
springs from the parent body in Copper Center Gulch at a point about 200 feet north 
of Rogers mill and extends westward between the two great limestones to the upper 
adit of the Commercial mine. By breaking upward it gradually reaches the Com- 
mercial limestone at this point, whence it continues obliquely across this member, 
sends out minor sills westward into quartzite and limestone, and unites with the 
greater mass from the head of the canyon. Underground workings tend to prove 
that in section this sill is wedge-shaped and thickens in depth. Both surface and 
underground exposures indicate the extreme irregularity in the form of the dikes, sills, 
and bodies of intermediate habit which these masses put out. The particular 
economic interest of the intrusives lies in their relation to the origin of the ore and to 
the pinching out and truncation of the ore bodies, in their impediment to the explora- 
tion of the limestones, and in their influence upon the continuance of the ore-bearing 
limestones in depth. 

Fissures and faults (see PI. XXIII). — Subsequent to the intrusion of the por- 
phyries profound, recurrent fissuring occurred. The resultant fissures fall into 
three major groups: A northeast-southwest series, an east-west series, and a north- 
west-southeast series. All of these are of direct economic interest, and the northeast- 
southwest series is of surface interest, in that noticeable displacement of the 
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limestone has taken place along the planes of fissures of this group. Thus faulting 
of the Jordan limestone is shown on the surface along the Galena fissure, along the 
Condor fissure, and at a point just helow the Niagara boarding house. Among the 
fissures that have been most thoroughly explored may be mentioned, beginning at 
the head of the canyon and proceeding eastward, the Steamboat, Ashland, Henriette, 
Galena, Rastler, Live Pine, Condor, Bully Boy, Silver Shield, Northern Chief, and 
Giant Chief. The surface indications of these fissures are (1) an apparent variation 
in the thickness of the limestone, due to faulting, as shown by the broadened outcrop 
of the Jordan limestone above the Jordan Mill; (2) topographic sags, due to greater 
ease of erosion along lines of weakness, as shown along the Bully Boy fissure; and (3) 
reticulated, roughly vertical zones of slip planes at the immediate outcrop of the 
fissure, as at that of the Galena fissure. (See PL XXVIII, A.) 

General occurrence of ore bodies. — As regards their form of occurrence, the ore 
bodies of this locality fall into two principal classes; (1) Those which fill the northeast- 
southwest subvertical fissures, and are hence known as "fissure ore bodies/' and 
(2) those which occur in the great limestones above quartzite foot walls, roughly 
parallel to the lower contact, and are hence known locally as * * lime contact bodies/ ' 
Tli(? mineral-bearing solutions which formed the lime-contact bodies probably, in 
part at least, rose through the fissures to the limestones, as may be clearly seen in 
individual instances. The ores of the two classes carry about the same* *rn)iip of 
minerals, but in the fissures the lead-silver values predominate, while in tin* lini(» 
contact bodies the copper-iron values are in excess. Gold is most abundant in the 
oxidized portions of the limestone bodies. Zinc is common in the fissure btxlies 
and ranges from a trace to above 32 per cent. 

Order of treatment, — In describing the mines of this locality those* situated u]^(>n 
the limestones will be taken up first and those upon the fissures afterwards, in tlie 
following order: Old Jordan^and Galena, Niagara, Stoiy. Colorado. Xcj)tune, Asli- 
hind, Albino, Spiritualist, Bully Boy, Silver Shield, Northern Chief, and Willow 
Spring. 

OLD JORDAN MINE 

kiti:atio>. 

The Old Jordan mine, which includes the properties now known as thc^ "Jordan ' 
and '* South Galena" mines, is located on the north slope of Bin<!:hani Canyon, about 
halfwav between Bear Gulch and the head of the main canyon, in the Jordan lime- 
stone. It extends from the Neptune on the west to the Story on the east. It also 
includes the Orphan Boy and Northern Light tunnels, on the Coninicrcial. limestone. 
and extensive workings upon the Galena fissure below the. Jordan limestone. (Sim* 
PI. XXXIX.) 
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HI8T0BY. 

In 1899, the United States Mining Company came into control of the Old 
Jordan and Galena (including the Northern Light, Orphan Boy, Live Pine, etc.), 
Utah, Niagara, Spanish, and Old Telegraph mines. The West Jordan claim was 
located September 17, 1863, as a portion of ground staked by twenty-five men 
composing the Jordan Silver Mining Company, including Archibald Gardner, 
G. B. Ogilvie (discoverer), Alex. Ogilvie, P. E. Connor, William Hickman, R. C. 
Drum, R. K. Reed, John Hancock, C. J. Sprague, Thomas Bexsted, James Brin- 
inger, Henry Bexsted, Hugh O'Donnell, M. G.Lewis, Alex. Bexsted, James Finnalty, 
Saint Egbert, G. W. Carlton, Neil Anderson, Edw\ MacGarry, M. J. Jenkins, A. O. 
Pratt, Robert Pollock, Daniel MacLane, and N. B. Eldred. This is the earliest 
recorded mining location in Utah." The Jordan was incorporated in 1864, under 
the laws of California, as Jordan Silver Mining Company, by Gen. P. E. Connor. In 
1870 the property was purchased by J. W. Kerr, Isadore Morris, and others, who 
erected the Galena smelter. After working the mine three years they sold it to 
Carson and Buzzel, who constructed a wooden flume (15 by 9 feet) 12 miles long, 
at a cost of $120,000, to furnish water for power. After they failed, in 1875, it 
was acquired by the Galena Silver Mining Company, which built the Galena 
smelter (5 stacks) on the Jordan River; in 1877 by the Jordan Mining and 
Smelting Company, and in 1879 by the Jordan Mining and Milling Company. 
At that time lead was being extracted with much success by L. E. Holden, in 
conjuncton with operations at the Telegraph mine. From 1880 to 1888 special 
attention was devoted to rich oxidized gold ores and lead-bearing fissures. 
Cheaper smelter charges, adopted in 1888, allowed the exploitation of the galena 
bodies which underlay the carbonates. In 1890 the Old Jordan, the Galena, and 
many other mining properties were consolidated, and lead sulphide was exploited 
on a large scale. The shipment of lead ore, as recorded, increased from 6,000 tons 
in 1896 to 39,000 tons in 1897. Since the property passed into the ownership of 
the present company, search for shoots of copper sulphide has been actively 
pushed, but the only shipments of ore have been made by leasers.* 

The plant of the United States Mining Company includes a small experimental 
concentrating mill; plant for generating the electrical power for lighting; complete 
compressor equipment for use on machine drills in all of the mines of the company; 
machine shop; sawmills, carpenter shops, and blacksmith shops at both the Old 
Jordan and Telegraph mines, and comfortable boarding and lodging accommo- 
dations for officers and miners. Two stamp mills for gold ore and cyanide plant 
have been sold and dismantled. The company has under consideration plans for 
a smelter to be erected for the treatment of copper ores.^ 

a Official records at office ol surveyor-general of Utah, Salt Lake City. 
^Sce Addendum, p. 379, for recent developments and additions. 
eldem, p. 380. 
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The exact produelion could not be ascertained. The approximate production 
to 1900, as furnialicd by A. F, Holden, managing director of the company, from 
smelter reports on lead, gold, silver, and copper, and all other available aourcee, 
stated ill values current on New York market, is as follows: 



Rrporttii ptodxietUm of mints oj Uniltd SlaUa Mining Company. 

TeWpmi^ 116.000,000 

(MdJordMU 12.000,000 

Niagara 5.000.000 

Toul 33,000,000 

ItKVKLOPMSyr. 
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The ore bodies of this property have been exploited through an extensive 
series of tunnels, driven in a general east-west direction adjacent to the lower 
contact of the , limestone (PI. XL). These are connected by inclines and raises, 
from which cross cuts are driven off north- northeast into the limestone. Omitting 
the nuirierous sublevels and abandoned underground and open-cut workings on the 
oxidized portions of the ore bodies, the chief levels are, in descending order: No. 1 
tunnel, Delia B. or Mill tunnel. I'lah tunnel, the 400-foot level, and the .">00-foot level. 
The Galena fissure has been explored by means of an extensive series of tunnels at 
a dozen main levels with connecting inclined shafts between the Utah and the 
Aladin levels for about 3,000 feet horizontally and over 600 feet vertically. The 
bodies associated with the Commercial limestone were exploited tlirougli short 
tunnels, drifts along contacts, and connecting shafts. The total length of h urkings 
of tills company, including its adjoining properties, the Niagara and Telegraph 
mines, is said to exceed 15 miles. 



The outcrop of the Jordan limestone within the limits of this property varies 
much in width. Opposite the mouth of Black-jack Gulch its strike is about north- 
west; thence toward the south, it varies from north-south to northeast-southwesl. 
and in the Big open cut it ranges from N. 30° E. to N. 55° E. The dip varies 
likewise, but averages 45° NW. These variations in dip. together with the deforma- 
tion of the limestone, which will be considered later, explain the marked varinlinti> 
in width of outcrop, such as the increased width opposite the Niagara bonniing 
house, the marked narrowing in the rear of the cyanide mill, and the strung iiicn'iisc 
in width from that point westward, 

LithologicaUy the hmestones here present several phases, showing m ihi- onrii 
cut on the Galena fissure strong banding with alternating layers. 2 lo 
of blue limestone and white crystalline limestone or marble. The gi 
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in the Big open cut are nonfossiliferous, friable, and siliceous (PI. XXVIII, A), 
In No. 1 tunnel, where banding is well marked, the white portion is a structureless 
cream or straw-white dry powder, consisting of decomposed limestone lying 
between light-gray bands of semicrystalline limestone. In some places the bands 
of gray limestone become inclosed lenses, simulating in section elongated pencils 
inclosed by the white, altered portions. Along stretches of the same tunnel the 
rock is entirely crystalline, white limestone. (For discussion of chemical and 
microscopical study of alteration of limestone see pp. 188-192.) In places the 
country rock is a granular, sugary quartz; in others it is a massive, siliceous rock, 
distinguished with difficulty from a quartzite; or, as in the open cut back of the 
cyanide mill, it is a rust}^, structureless, siliceous mass; or, again, it exhibits 
cherty facies. These present in some localities large, irregular masses of highly 
colored chert, and in others the position occupied by semicrystalline, gi*ay lime- 
stone bands is taken by chert bands. In this limestone these chert occurrences 
seem more common toward its base. 

Normal quartzite underlies this member and assumes economic importance 
as the foot wall of the replacement ore bodies. It is massive, fine grained, com- 
pact, and exhibits delicate and distinct banding. Irregular masses of monzonite 
cut both limestone and quartzite; these occur as narrow, inclined dikes, as sills, 
and in intermediate forms. Although several small bodies are encountered else- 
where in this property, the most important mass is the monzonite sill, which extends 
between the Commercial and Jordan limestones on the east. Crosscuts north from 
Utah tunnel prove that the mass increases in thickness with depth. The thin, 
flat lenses and irregular apophyses which it sends out show the extreme irregularity 
of its lower contact, resulting from breaking upward to higher levels. Owing to 
the intensely crushed condition of the rocks in this locality and to the disorderly 
complexity of the resultant fracture planes, the intrusives found easy entrance 
along diverse and intricate fractures. 

DEFORMATION OF COUNTRY ROCK. 

Fractures. — The Jordan limestone is cut by a multiple series of fractures which 
developed at different periods. These form the loci of important faults and bear 
genetic relations to the ore bodies. Although space does not permit their detailed con- 
sideration, the most important systems will be sketched and their part in deforming 
the Umestone and in assisting mineral deposition will be considered. These fractures 
are definite planes and zones, along whose somewhat uneven but generally regular 
surfaces the country rock has been parted. They are steeply inclined, and cut 
all rocks alike, whether earUer sedimentaries or later intrusives. The prevailing 
trend ranges from N. 30° E. to N. 50° E. and from N. 30° W. to N. 60° W. In point 
of age the northeast fissures appear to antedate all others. These were followed 
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faulting took place on a plane trending northwest and dipping southeastward. 
Secondary movement on the northeast fractures tlien resulted in marked faulting 
and opened mineral-bearing fissures along which secondary deposition of calcite 
and slight secondary enrichment of the ore has taken place. In brief, the sequence 
appears to have been: Deposition of sediments; deformation of same and intrusion 
of porpliyry; fracturing and faulting along northeast-southwest planes; deposition 
of ore along fissures and through limestone; faulting along northwest-southeast 
planes; faulting along northeast-southwest planes; surface alteration and secondar}'^ 
enrichment of sulphide ores. 

NIAGARA MINE. 

Situation. — The Niagara mine is situated on the south side of upper Bingham 
Canyon, about 1,800 feet below the Old Jordan and about 2,500 feet above Bear 
Gulch. It is opened in the Jordan limestone. 

This ore-bearing member has been thorouglily explored by open cuts on the 
surface and by crosscut tunnels with strike drifts at five levels, including, in descend- 
iwr order, the Spanish No. 1, Spanish, 1890, Mayberry, and Franklin. These all 
extend in a general southerly direction from Bingham Canyon, with one exception. 
The Franklin tunnel extends from Copper Center Gulch and passes deep beneath 
the main workings of this property. Considerable stoping has been done on the 
Spanish and 1899 levels. 

Geology. — The Jordan limestone crosses the Niagara spur on a general east- 
west strike and a northerly dip of 35° to 40°. Its normal structure and its relations 
to the overlying and underlying quartzite have been complexly interrupted by 
marked faulting and by a number of irregular intrusives, both dikes and sills. The 
limestone has been metamorphosed almost entirely to a hitJ:hly silicecms cherty 
marble. Underground the deformation of the country rock is even more complex 
than on the surface. The normal northward dip is found in the Mayberry level to 
^ive way to a dip of 40° southward, the change being due either t(> an abrupt, short 
strike fold or to dragging incident to deformation. 

The 1899 tunnel passes through a thick dike and cuts several small bodies. A 
thin northwest-southeast dike is encountered on the Spanish No. 1 level, and similar 
dik(»s and the lower contact of a sill in quartzite are exposed on the Mayberry level. 
Although all trends and dips are represented among the numerous fissures, the 
prevailing ones appear to be north-south and northeast-south\v(\s( . A nunibei- of 
important faults have been encountered, but lack of the necessary (ieveh)pnient 
renders proof of their precise character impracticable. Judginjj: from both surl'aci* 
and underground indications, however, a pronounced fault appears to traverse \]\o 
property in a northeast-southwest direction. 
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The croppings of the Niagara ore bodies were in rusty, siliceous, cherty marble. 
They were early mined tlirough open cuts, and are reported to have yielded high 
values. 

Several of the important ore occurrences (»ould not be observed, as they were 
inaccessible, having been developed during the early days, when the Spanish was 
one of the principal shipping properties. Ore bodies have been stoped on the 
Spanish, Spanish No. 1, and 1889 levels. Some values are found along fissures or 
disseminated in metamorphosed limestone adjacent to fissures or intrusives. But 
the large, and best-defined, ore shoots occur in the lower portion of the marble as 
elongated, irregular lenses over either quartzite or porph^ny. Thus on the 1889 
level a sulphide body in the basal part of the marble had formed unevenly between 
quartzite and an overlying dike 30 to 50 feet thick in some places and only a few 
feet in others. Probably the most valuable body exploited in recent years was that 
in the Davidson stope. This was a lenticular body of black sulphide ore 40 feet 
thick, which made in metamorphosed limestone above barren limestone some 
distance above the foot-wall quartzite. In brief, either barren quartzite or marble 
forms the foot wall and barren marble or intrusive bodies the hanging wall. The 
frequent and intimate association of ore with intrusives in this mine is noteworthy. 

The ore shipped from this property includes several types. The rusty crop- 
pings of oxidized siliceous ore were exploited in early days through open cuts for 
their gold contents. It is claimed that this is the only gold ore in camp which has 
been cyanided on a commercial scale at a profit. The values are reported to have 
run from $3 to $6 per ton. From 1870 to 1874 the carbonate ores mined from this 
property and smelted by Messrs. Bristol & Daggett in combination with Winamuck 
ores were of very high grade. The sulphide copper ores opened at greater depth 
carried normal values, and the black sulphide from the Davidson shoot was high 
in copper. 

STORY MINE. 

On the north side of Bingham Canyon, between the Jordan and Niagara, and 
in the same gully as the Colorado, at the road level, is the adit to the Story mine. 
Its w^orkings lie in the Jordan limestone and consist of a tunnel, driven northward 
and westward, with drifts to the east and west, inclines, and several good-sized 
stopes, aggregating between 300 and 400 feet of accessible workings. Underground, 
those portions of the limestone which have not been replaced by mineral are white, 
granular, siliceous matter. The ore bodijps, so far as exposed by the limited develop- 
ment, have no regular form nor walls, but occur as irregular bodies within the lime- 
stone adjacent to northeast -southwest fissures. Thus the east drift cuts two bodies 
which lie along northeast fractures and the west drift crosses several mineralized 
northeast fissures. Postmineral movements appear in two series, one indicated 
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by fracturing of ore along uortbeast-southwest plaiips. the other indicated by the 
abrupt truncation of a large on body by a plane trenduig N. 60° W. and dipping 
45° SW. The relativB dales of these two inovenienta were not learned. The bodies 
cut t»y the main funnel and east drift are of sulphide ore consisting of jjyrites with 
a low percentage of copper, of galena, and at one iissiire, of zinc, assaying as high 
as ISJ per cent. The old stopes reached by the west drift arc on carbonate ores. 

NEPTUNE MINE. 

Situation. — This mine, comprising the Old Neptune and Kempton properties, 
is situated on the north side of Bingham Canyon in the Jordan limestone, imme- 
diately west of the Old Jordan and Galena mine. 

Development. — Tlio workings comprise drifts run at tlm^e main levels, short 
ones at subleveb in a general east-west direction along the strike of the limestone, 
and connecting inchues, stopes, and raises. Tliese are entered to-day by a tunnel 
driven at tlie work level in a northwesterly directioii over 500 feeti The highej^t 
of the three main drifts, together with tlie incline and slope connecting it with the 
level intermediate between it and the work tunnel, were inaccessilile. 

Geology. — The outcrop of both the upper and lower contacts of the limesioiiB 
leaves the United States property on a northerly course, and on tliis properly turns 
soutbwestward to a more westerly course. The change in strike noted i>n the sur- 
face is further borne out by exact raeasiu'ements underground; there the strike of 
the limestone on the quartzile foot wall passes from a southwest direction, through 
strikes of S. 70", 75°, and 85° W.. mto a more westerly course. 

The country- rock is a wliite, crystalline limestone, which sometimes show<i 
banding indicating a northward dip of from 40° to 45°. The numerous fracture 
planes which cut tliis fall into thi-ee main systems— those trending: Udnhciisl-soulh- 
west and dipping between .30° and 40°, those trending northwcsl-,soutlifnsl ami 
dipping from 30° to 40°, and those trending in a generally east-west liiiTciiiui, 
Toughly parallel to the strike and steeper than the banding in the Hniesmnr, ( icMici- 
ically the primary fracturing on northeast-southwest pluiics iippfurs lo Imv.- inkm 
place first, to be followed by the northwest fractures, wliicb are later llmu ilie mi', 
then east-west fractures, and then by a secondary movement iilong northeusi [ihineH 
-which faulted the east-west planes. A tliin porphyry sill is exjinsed on the iipiuT 
sulphide level. 

Ore bodies. ^-TYiti ore bodies of the Neptune have formed iu ilif.l.inlnu liiiu-.-i.nMt 
along northeastr-southwcst Fractures and extend out fnuu iIicm' rtiicinr:- jJnng 
the limestone beds. Minor mineralization occurred along frueiuies «liii'li iir« 
parallel to the strike and dip and sleeper than the banding of i lie linn^i 
by stupes, the lai^est sulphide bodies lie along a sirong iiurthcasi-s 
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of fissuring at two levels; the lower, as indicated by the * * Big stope,' ' shows a widen- 
ing of the normal, tabular fissure ore body laterally into the limestone to form a 
thick lens elongated in the direction of the dip. It contracts above in the roof to 
two prominent fissures (fig. 8). On this same fracture zone, at a vertical distance 
of 5 to 8 feet above the lower ore body, a similar lateral extension took place. This 
resulted in a flatter and more l)ed-like ore body. It has been worked from a point 
below the main tunnel level upward at an angle of 40° along the bedding into the 
oxidized zone. The continuation and the form of the two shoots in this fracture 
zone are unknown much below the tunnel level, owing to lack of development, and 
above the sulphide ore, owing to inaccessibility of old carbonate workings. The 
fissures, however, are seen to continue up through the roof of the upper shoot. 
The increase in width and the greater tendency to assume the form of a bed sug- 
gested by the form of these two shoots appear to be borne out by the still more 
truly bedded form of minor bodies which are now being explored in upper levels 
at the western portion of tliis property. A mineralized northeast fissure which 
cuts the limestone on the highest sulpliide level in the eastern side of the mine is 
in line with a mineral-bearing slip plane found on the tunnel level, and also with 
linear stopes indicated on the mine map in the carbonate zone. This signifies that 
other northeast mineralized fissures traverse the region and suggests that the 
tendency of the ore bodies to spread out into bed deposits as they rise higher and 
higher is not universal. In brief, the bodies of this mine exemplify fissure as well 
as bed or replacement bodies, and present also intermediate stages in which banding 
of ore may be traced from fissures out along bedding. 

Walls. — The ore bodies described lie wholly within the limestone and have 
irregular walls. The boundaries between mineralized and unmineralized limestone 
are in some cases sharj^ and in others gradual and indistinct. At the contact with 
the underlying quartzite the base of the limestone is slightly mineralized with 
pyrite, but no workable body has been discovered at this horizon on this property. 

Composition o] ore. — The ore is made up of rich, argentiferous galena, pyrite 
in small amounts, and sphalerite. The ratio of 8 parts lead to 1 of silver is remark- 
ably constant. The average values of the shipments of the past two years are 
reported to have been 45 per cent lead, 16 ounces silver, and 80 cents in gold; zinc 
averages 25 to 35 per cent, and in one instance ran up to 40 per cent. All the 
crude ore is concentrated and in a ratio of 4 or 6 to 1. 

ASHLAND MINE. 

This property lies on the north slope of the canyon, near its head, at a place 
where it is crossed by the trail leading northward to Muddy Fork. Its workings 
are in the Jordan limestone near the point where it is truncated on the west by 
porphyry. Those accessible at time of visit were at a single level. The tunnel 
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was driven N. 60° W. for 73 foot through the quartzite foot Wfttl to the limestone, 
wherp drifts diverge to the soutliwest and nnrtheant. Al>iindoiied workings on 
tliis level and workings which were reported to have heen driven at upper levels 
were iiiaecessible. 

At this point the Jordan hmeatone and the underlying quartzilf have a normal 
westerly strike and a northerly dip. Immediately west of this point these 
rocks, as well as tlie Commercial limestone and the interhoddwl qiinrtzite, are 
abruptly truncated hy an extensive, irregular, dike-like mass of monzonite whicb 
covers the. liead of tlie Bingham Canyon-Muddy Fork divide. 

The ore appears U> have been formed on two fissures, one trending N. 20° E., 
the other N. 15° to 20** W. The former is coincident with the UnieHtone-quartzite 
contact for about 11'5 feet, when it enters the quartzit« fiwit wall. At that point 
ore has been sloped out from the base of the limestone for a considerable distance 
above and below the tunnel level. The northwest fissure dips westward at angles 
ranging from 45° to 85° and is joined by the other fisaiuv. From a point 200 feet 
northwest of their junction, bowever, it is reported, ore was stope<] to the aurfatT, 
Lead and silver are the ciiiof values sbv<'iI ; zinc is said to have nin as high as 45 
per cent. 

ALBINO MIXK. 

This mine is located at the head of Bingham Canyon, where a series of tunneU are 
driven southwestward along the fracture. The country rock is marble inlriiMtely 
rut by irregular masses of monzonite. The fissure varies much in dip and wirike. 
At the base of the upper tunnel it trends N, 20° W. and dips southeastward ui mi 
angle of 70°. About 250 feet from the base it swerves and shows ii iiorllirrly dip, 
which is maintained to the mouth of the tunnel. The pay ore is said i.i lie in 
small irregular streaks, whose courses and continuations are most irrc^ulur. In 
these restricted loci the lead values are reported t^t run high, 

Tlie Albino is the last active mine in this locality that is silimu'd upon the 
great limestone beds. On passing from it to the mines that are silutited in por- 
phyries and underlying quartzites a series of northeast-southwest fissiu't-s are 
crossed. This series includes, going from west to east, tlic Gsilemi, Live Pine 
(Spiritualist), Condor, Bully Boy. Silver Shield, etc. The (ioleua lissure, which 
has been treated under the Old Jordan mine, has been worked al this western 
extension in its upper levels tlirough a series of tunnels. Tlicsc appear on the 
surface, as may be seen from the map, in line with the Galcnu hoist and upper 
open cut on the main fissure. The next marked fisisure is thai known as tlie 
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SPIRITUALIST TUNNEL. 

The Live Pine fissure has been worked at several levels, but some of the upper 
workings are inaccessible, and it is at present operated through the Spiritualist 
tunnel. This is situated on the south side of Bingham Canyon, near its head, 
opposite the Galena hoist. The tunnel leading N. 58° W. reaches the fissure 
in a distance of about 360 feet and follows it S. 40° W. for about 575 feet. 

The property covers the contact between the quartzite which underlies the 
Jordan limestone and the extensive mass of monzonite which breaks across this 
series on the west. The eastern portion of the fissure cuts quartzite and the western 
portion cuts igneous rock. The passage from one to the other is in the nature 
of an offset which suggests a fault on the fissure. If this faulting took place the 
differential movement is 80 to 40 feet and the north side is moved relatively west- 
ward. It is of later date than the intrusive; furthermore, the faulting of the ore 
streak and gangue within the fissure indicates a secondary movement later than the 
mineralization. The ore occurs in the fissure between distinct, slickensided walls, 
and carries argentiferous galena. 

COMMERCIAL MINE. 

On the upper or Commercial limestone, overlying the workings on the Jordan 
limestone and next east of the workings of the Jordan mine in the Commercial 
limestone, is the old adit to the upper workings of the Commercial mine. As the 
plant and the entrance to the working level of this property are situated in Copper 
Center Gulch the description of this mine will be given among the properties of 
that locality. 

COIX)RAr)0 MINE. 

SituuHon and development. — This property lies in a small gully on the north 
slope of the main canyon, opposite and about 200 feet above the mouth of Porcu- 
pine Gulch. It is located on the Commercial limestone and its workings lie entirely 
within that member. At time of visit (December, 1900) these consisted of a 
tunnel driven 300 feet in a general southwest course, crosscuts, and a winze 50 feet 
deep, from the foot of which a crosscut extended northward 50 feet. 

Economic geology, — The Commercial lim(*stone, the home of the Colorado ore 
body, may be traced from the Commercial adit eastward to the Colorado tunnel 
and thence, hi a general east-west course, to a point somewhat over a thousand feet 
beyond, where it gradually tliins and is finally truncated by monzonite. In close 
proximity to this property on the north is the large intrusive mass of Copper Center 
Gulch. Underground, the limestone is white and crystalline, and has a structure 
which indicates a strike of N. 60° E. and a dip northward of 55°. The Hmestone 
is fractured along several north-south planes. 
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The ore botiy is « mass of pjTiU' of unpnivi'd (iimcntiioiu^ and fonn. Neither 
the quarlzite hanging wall nor foot wail has been roacht^d and no quartzito haa 
been nit. In addition to the pyriu-. which carries r.opper values, ehalfop_vrite 
and galena occur. .Some nf the jiyrit^ may be seen to He on fissures and to have 
made nut, in at h-ast one instance, along the bedding of the limeittone. Galena is 
practically restricted to the fissures: furthennore, evidence goes to show a second- 
ary movement. The copper values are said to run high and tlie galena to carry 
51 per cent lead. 

BULLY B(>Y TUNNELS. 

The Bully Boy tunnels, three in number, are .-fituated on the south side of 
the canyon in the lateral giiUy which mouths opposite the .Ionian mill. They 
are driven aouthwestward aliing a fracture zone which trends X, 40" K. and cuts 
an irregular intrusive mass. Thin seams of galena have been opened. In ISSO a. 
total output of ore valued at $40,01)0 waa reported. H 

SILVKU SniKIJi MINE. ~ 



The Silver Shield mine i.s situated in Porcupine Gulch, about 1.200 feel above 
its junction with upper Bingham Canyon. It hea on a fracture zone in an area 
characterized by extensive intrnsives in the lower quartzite. 

The ore bodies which have formed along this none of fisauring have lucn dcvil- 
oped through a work tunnel driven in a southwesterly directiun foi' uliuiii l.OOO 
feet, a sublevel and level No. 2, 52 and 1 10 feet below, respectively, and by a vertical 
shaft which descends from the work tumiel at a point about 700 feet frimi iiw rnuiit h 
to the lowest level. The former follows the fissure in a southwesterly course for 
about 200 feet and the latter for about ^00 feet. These three main leveln are con- 
nected with one another and with intermediate levels and stopes by a wries of 
raises. 



Ctmntrij, rock. — The fracture zone is irregular. Its course varies from X. 'M]" 
to 45° E., and its dip from 6(1" to the northwest through verticalily to S(i° piourlicii^I, 
with an average of about 85° northwest. In width it varies from a cKwed. knife- 
edge crack up to a fractured zone 4 feet wide. The fractures ciil Jll•|■ll^^ iiuarUilc 
and porphyry without distinction, and for considerable dlstaiurs lie iilnni: ilie 
contact between the two. Contacts where the porphyry may lie -iccn in nil vcrii- 
cally across the quartzite suggest dike forms; others accordant \^itll ilir iiiHiiUcnr. 
bedding suggest sill forms. The irregularity of mo.st of the conl 
these two contrail ictory suggestions and shows the porphyry to lie 
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irregular intrusive body which has sent out both dikes and sills. Powerful move- 
ments have taken place since the datd of intrusion, and it is not improbable that 
some faulting has occurred on the main fissure. The porphyiy which is being cut 
at the face of No. 2 level is undoubtedly the body which outcrops on the spur west 
of Porcupine Gulch. Although the thickness which must be cut before the under- 
lying quartzite to the south can be reached can not be stated definitely, it is probable 
that it will be greater than the thickness indicated on the surface. 

Ore bodies. — The ore occurs in upright, tabular masses or seams along planes 
of movement and brecciation within the fracture zone and frozen to the walls. 
These seams are not restricted to either quartzite or monzonite, and are not regular 
even between like walls, but vary abruptly. In one instance a pay streak increased 
in width from 1 to 12 inches in a distance of but 2 feet. In places the cracks which 
form the fracture zone are apparently barren; in others three or four in a single 
face are filled with first-class ore. When one was quartzite and the other monzo- 
nite, the ore was frozen to the quartzite; when both were monzonite both contacts 
were frozen. The veins exhibit roughly crustified structure. The vein filling Ues 
either between slickensided, clean walls or frozen contacts. The vein, however 
seems to split at a point on the working level near the shaft and to extend into the 
hanging-wall quartzite for about 100 feet, then to return and to reunite with a vein 
which follows a quartzite-monzonite contact. 

Ore. — The ore carries lead, silver, copper, and gold, with some zinc. Values, 
however, lie chiefly in lead and silver. Lead comes in the galena, silver in the 
galena and in tetrahedrite (freibergite) , and copper in tetrahedrite and chalcopyrite. 
When copper rises lead and silver are said to fall. One assay shows 91 ounces 
silver, 47 per cent lead, 4 per cent copper, 2i ounces gold; another gave 112 ounces 
silver, 12 per cent copper, while the average, judging from assay of last shipment, 
is 41i per cent lead, 42 ounces silver, 3i per cent copper, and $2.50 gold. 

NORTHERN CHIEF MINE. 

This property is situated at the immediate head of Porcupine Gulch, near the 
crest of the divide. Since its geological relations and the continuation of its ore 
bodies are intimately linked with properties in Black-jack Gulch, it will be con- 
sidered with them. 

WILLOW SPRING TUNNEL. 

This property lies at the head of Porcupine Gulch, southeast of the Northern 
Chief. It was closed at time of visit. 




GENERAL FEATfKES. 

The stn^uiii in Bear Gulch rises in an arou characterized by qitaitzite and intn 
sives. flows northward across rjuarlzite, and crosses in its luw^r portion the main 
limestone belt of thia district. The lower or Jordan limestone may he trailed aciosa 
the gidoh on a westward strike and northward dip. but the upper or Commercial 
limestone is interrupted by the intrusive inass of Upper Bingham. Acfordin^Iy, 
at the mouth of Bear Gulch are isolated portions of white Hmestone ini-lnaed by 
monzonite. Southward, farther up the gulch, monznnite overlies the hanging-wall 
quartzile of the Jordan liniestone. The underlying quartzite may be traced well 
up the gnlch to a point where it is tnmcated by an extensive and irregular intrusive 
body. 

The niines of this loeulity are located either upon the lower hmestone or upon 
fissures cutting it or the underlying intnisives. They are the Old Telegraph, Giant 
Cliief, Rough-and-Ready, and fiazouk. and will be considered in the order in wliich 
they have been here named. 

OLD TELEGEAPH MINK. 

Sihi'ltion. — A few hundred feet above Bingham Canyon the lower limestone is 
deeply cut by Bear Creek. The Old Telegraph mine has been located upon the 
extensive ouU-rop of the limestone which is thus exposed. 

//(«tory.^The Old Telegraph mine embraces a great number of claims on both 
sides of Bear Gulch. In 1S73 the Nez Perci's Chief and No-You-Dont mineH were 
purchased by an eastern company through Windsor & Randall, and thoujih they 
were in the hands of an expert superintendent they proved unprolluhle. bui in 
1S74 a bodj' of ore was encountered. This was claimed by the adjoining Montreal, 
which had been on ore since 1873, but the court did not sustain the claim. Through 
a process of purchase and litigation, a group ol these claims became con^snlidatcd 
in 1877 under the name "Old Telegraph" mine. At this period the (iiitpul «aa 
large. In !S78 suit was brought against the superintendent by the eastern coni- 
panv for alleged misrepresentation of facts to depreciate the miirkcl value of stock. 
There were two trials, the first resulting in a verdict favorable in the superintendent, 
the second for the company. Pending an appeal, the mine was said to a French 
company — "Soci^t*? des Mines d'Argent et Fonderies de Binglniiti." A compro- 
mise was effected whereby the superintendent paid the company .Sl'OO.iKio. Fnim 
the French company the property passed into the control of the iucmth hwiktn in 
March, 1S99. The total output of the mine is estimated by them In Imvc aiinintHeil 
to about $16,000,000. 

Dfrflo/m —The ore bodies which have lieen discovered h 
worked thri series of tunnels driven in both the east iind wcs 
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gulch at various levels in the limestone, or along its contact with the foot-wall 
quartzite. These include the Tribune, Contract, Montreal, and Carpenter Shop 
tunnels, and numerous sublevels, on the east, and the Evans, Proctor, Grecian Bend, 
Mill; Roman Empire, and Montana levels on the west. Through these a country has 
been explored which measures over 2,000 feet along the strike; 1,600 feet north and 
south, and 375 feet vertically. The greater part of the workings, however, Ues in 
an east-and-west belt 2,000 feet long and 400 feet wdde. 

Crosscuts into the hanging country prove the thickness of the bodies and shafts, 
and inclines connect several levels. The Evans tunnel is now being driven south- 
ward from the point where Bear and Bingham gulches unite, about 200 feet lower 
than the present shaft house, for the purpose of affording more economic means of 
draining and operating the mine proper, and to open about 600 feet of virgin ground 
to the west. Early development was on the east side of the gulch, while present 
development is more on the west side. As heretofore stated, the combined work- 
ings of the Old Telegraph, Old Jordan, and Niagara mines are reported to aggregate 
more than 15 miles in length. 

Geology, — The country rock proper of the large ore bodies which have been 
worked within the limits of this group is metamorphosed limestone. This may be 
traced from the crest of the divide on the east, where, separated from its eastern 
connection by porphyry, it appears as a thin, discolored, white bed extending across 
Bear Gulch in the form of a V and up to the crest of its western wall, where it appears 
as white, semicr^^stalline limestone. Underground, various phases of the alteration 
are shown, such as ocherous, honeycombed quartz; whitish and 3^ellowish siliceous 
powders; white crystalline limestone; banded gray and white limestone; and w^hite, 
brow^n, and yellow banded chert. In a broad way, the honeycombed quartz is most 
abundant in the o::fldized or upper levels; the massive, white, semicrj^stalline lime- 
stone forms the upper portion of the limestone, and the banded cherty member 
the lower. The inclosing beds are true quartzites. Various irregular bodies of 
porphyry cut these. Their form, when well defined, is more often that of thin sills, as 
seen in the west extension of the Grecian Bend, in the main north crosscut on Proctor 
level, and in the Tribune. Dike-like bodies trending northeast are not uncommon, 
however, and were noted in the Tribune tunnel. P^issuring ahmg northeast planes 
indicates that the porphyry invasion antedated the movements in that direction, 
which throughout the porphyry were the earliest ones; and it also preceded the 
period of mineralization. 

Structure. — The general east-west strike and north dip of the beds is here modi- 
fied bv a structure which is related to the distribution of the ore bodies. A detailed 
true-scale section, constructed from data obtained at points of intersection of work- 
ings with an east-west section plane, shows that along the strike the limestone has 
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a {jenerally undulating horizolilal position except at two platps (PI. XLII, B). 
About in liiio wltli tlic gulch a fu!d and bi'cak on a northnast plane relatively raises 
the limestone on the east side and fomis an elevated bench. In the western work- 
ings a zone of strong fmeturing and faulting, known as tht> Giant Chief fissuro, has 
been encountered on various levels. On the Roman Kmpire level it appears a^ a 
clean-cut fractiur plane, trending N. 30° W. and dipping aouthwestward at angles 
ranging from 45° to 70°. The limestone which the Konian Empiie tunnel follows 
to this point, together with underlying porphyrj' and overlying quartzite, appears 
to have suffered faulting which resulted in a relative depression on the west. This 
was sufficient to produce an offset of about 23S feet and a heave of about 220 feet. 
The meager exploration westward on the level reveals a large fracture zone in 
quartzite beyond the down-faulted porphyry, and exploration southward along the 
fissure encounters a second limestone whose deformation corroborates the above 
faulting, Slickensided masses of porphyry lying on the plane show that faulting 
followed intrusion; while the trend of the fault-slip planes on the Grecian Bend 
level and a strong fracture zone on the Proctor level suggest its northward and 
downward extension." 

The normal dip of fi-om 3.5° to 45° northward is locally intemipted by a domical 
fold with an east-west axis and related faulting. It differs from the Jordan roll in 
that faulting is not so apparent and is less in amount, while true folding is visible 
and is gi-cater in amount. Thus a southward dip of the hmejstone-^piarlzite lower 
contact rising as high as 30° may be seen on the Grecian Bend level. Below, on 
■ the Proctor level, the normal dip is resumed and the thickness of the limestone 
increases from that measured on the Giant Chief to approximately 200 feet. Finr- 
ture planes fall into three groups, trending northeaat^outhwest,n<)rlliwf'Mi-siHii beast, 
and east- west. • 

Ore bodies. — The Telegraph limestone is much stained al ils oiilcrojv nti ihe 
crest of the divide t« the east, and it is reported that prospecling in tliiw viiinily on 
Ihe outcrop of certain bodies of lead ore led to the discovery of soTiie underlying large 
and rich bodies. These occurred in the base of the limestone upon the quartzite 
foot wall, as well as within the limestone upon a cherty limestone foot wall. The 
hanging wall is either semicrystalUne limestone or monzonife in the form of a sill. 
The largest stope ia located in the trough of the bench or roll at the Ihihc of ihe lime- 
stone, whUe a series of slopes marking valuable bodies have been opened near the 
top of tliia member at about the same level. The lower series of bodies are .SHid lo 

1 Eiplora lions on the Proctor, wliich hnvH been reporlwl by tlie nuiwrlriUMnlfutot ihr iini|»rty aliiw ihr urilof Ml lli<' 
of the iractow raggBBls drugging con>i»Miit wilh aurhfauU; »nd, iig«ln, a ilrlfl drivmi wr^i 1" "nil -Imii- the -irii... ..i i\,~ 
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have been richer in copper and the upper richer in lead. The sulphide bodies which 
are now being explored on the Grecian Bend and Proctor levels lie in the base of the 
limestone and are reported richest in copper. The ore bodies have no regularity of 
form or extent but are in general tabular lenses lying roughly parallel to the bedding. 
It was stated in 1888 that ''there were two enlargements of the vein which formed 
great ore chambers several hundred feet below the croppings of the ridge. One of 
these was irregularly lenticular, with the following maximum dimensions: 250 feet 
long, 600 feet on the dip, and 60 feet wide.' ''' The walls are sharp when the quartz- 
ite forms the foot wall and when a sill forms the hanging wall, but not when the walls 
are formed of limestone. Thus, when followed along the strike, a mineralized seam 
may suddenly bulge upward into the hanging wall and as suddenly return again. 
Nor is the ore less erratic; it has been noted to both pinch and widen on the dip. 
In two instances increase in the size of the body in depth is reported to have been 
accompanied by a decrease in value. The ore appears to have made from fissures 
along more replaceable members of the limestone and thus to have formed a suc- 
cession of tables branching from the fissure. This is well seen in a stope in the 
base of the limestone on the Roman Empire level. 

Evidences that the ore was formed by replacing limestone are so numerous 
and distinct as to warrant special mention. They are of two classes: (1) Those 
which show retention of sedimentary structure by ore and (2) those which show 
the character of the country rock before mineralization. Thus ore occurs in sharply 
defined bands between unmineralized bands of limestone; one occurrence exhibits 
bands of unmineralized limestone that become gradually more and more mineraUzed 
until solid mineral alone remains, which preserves the sa^e banding that is noted 
in the unmineralized limestone; while the face in the Carpenter Shop level shows 
carbonate ore in continuous beds. Further evidence that the ore replaces Umestone 
is the occurrence of rounded, lenticular, but unreplaced cores of limestone within 
bodies of sulphide ore. 

Composition of ore. — The ore has varied at different periods in the operation 
of this group of mines from gold to silver-lead, and recently to copper-iron ore. 
The gold was native and the product of concentration tlirough oxidation of the iron; 
the lead was a carbonate (cerussite) and galena with some silver, and the copper 
occurred as carbonates in small quantities, but in depth as chalcopyrite and 
chalcocite. 



a Huntley, D. B., Tenth Census, vol. 13, p. 413. 
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By analysis of samples from 1,000 tons of lead ore taken from the base of 
the carbonate zone, Otbo Wuth" (in 187fi) gainpcl the following result; 

AnalijtU 1/ Itaii or* [rotn nrr lioditt n/ Old TfUfrOfh miM. 

Iff irnil. 

CnrbuDDtp v1 ImuL 50. 43 

Qdnn* - IS. 02 

Oxide of jrau 3,78 

Sulpiiide ot Clipper. 67 

Sulpiride of iron 7.3T 

Silica - 12.47 

.Uumins. 3.01 

farboii«l*.>f linip..-- 3.M 

Cnrbonale of in»gn™ift 26 

SiilphHU of liriw 3.04 

W»t«r 19 

&lvM {21.14 ouncps— varies frooi lSto2S) .08 



Total - - - - 9B.94 

In the upper workings the gold and silver were of low grade except when in 
its irregular distribution rich pockets were encountered. The honeycombed ores 
of the oxidized zone are stated to have contained low values of silver ami gold and 
locally 10 to 20 ounces silver. The lead -carbon ate ore, it is stated, funicd, besides 
the lead, !0 to 20 ounces silver and about *1 in gold. Several assays Imve been 
published giving silver from 10 to 230 ounces per ton; lead from trHcc l>i 70 ouricfs, 
The famous Black Slope ore is reported to liave carried 45 per cent li'ad. !S i>('r cent 
silver, IJ per cent eoppei^ The copper values of the present ore Imilic,-^ me tnnicr- 
stood to be low, yet not too low to afford a profit if worked on a suHiiiiiilly liiiyo 
scale. 

QIAXT rillEF MINE. 

The Giant Chief mine is local«din a gully which enters Benr (Julcti from ihewcst 
at a point just south of the Old Telegraph mine. It was closed at time of visit, and, 
therefore, inaccessible for examination. It is said to Iw upon a lissiire of the ^anic 
name. Where this fis.sure cuts a Hniestone (the second fncimnlcrcd in e.xpUirin^ 
the Giant Chief fissure southward from the Roman Eiiipii-c level of tiic Telcirra|iii 
minel an ore body was found. In 18S0 it was reported that tin- Inial Iciifiili of 
its workings was SOO feet, and that there, was considerable on- p.lii[)[ifrl M-vcml 
years ago. 

oTvnth C«Dgu9. lul. i3, p. n3. 
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ROUGH-AND-READY MINE. 

This property lies in the same gully as the Giant Chief, and at its head. It was 
closed and inaccessible for examination during the last season. Its workings are 
understood to be in limestone. In 1880 it, together with the Grand Cross, was 
reported idle, with several thousand feet of workings on low-grade carbonate and 
galena ore. 

BAZOUK MINE. 

The Bazouk property is located at the extreme liead of Bear Gulch. It is on a 
fissure that traverses near its eastern border the broad, irregular dike which breaks 
across the divide from Butterfield to Bingham Canyon. One of its tunnels cuts 
a horse of quartzite included in this intrusive mass. The workings embrace two 
short, abandoned tunnels, driven westward to the fissure, and an incline which at 
time of visit had just reached the fracture zone at a deptli of 25 feet. This zone, 
in which the ore occurs, trends N. 20°, dips westward at an angle of 55°, and varies 
from 2 to 4 feet in thickness. A specimen of ore shows grains of galena, pyrite, 
and sphalerite disseminated in a carbonate gangue. It is reported to have yielded 
mainly lead, some silver and gold, and a little zinc. 

COPPER CENTER GULCH AND MIDDLE BINGHAM CANYON. 

The most extensive single mass of igneous rock that is seen to be inclosed by 
sediments within this district occurs in this locality. It has invaded the quartzite 
which overUes the main limestone belt and extends laterallv as true dikes and sills 
and composite dike-sill forms. The main body occupies the bottom and south- 
western slope of main Bingham Canyon from its junction with Bear Gulch on the 
south nearly to Carr Fork on the north and includes the great amphitheater which 
Copper Center Creek has excavated. Numerous important and irregular ore bodies 
extend outward from this main mass. A sLQ extends westward into quartzite 
between the Jordan and Commercial limestones from the point where the intrusive 
breaks across the Commercial limestone and overlying quartzite and connects 
with the Last Chance intrusive bodv. Northward the intrusive forms the crest 
of the divide between Bingham Canyon and (^arr J'ork, and thence seems to unite 
with the porphyries in upper Carr Fork. To the east of this laccoUtliic mass true 
sills extend from both the upper and lower portions of the bedding, and one of these 
has been traced continuously to and beyond Midas Creek. In brief, this body is 
an irregular laccolith which breaks roughly across limestone and massive quartzite 
alike up to its capping quartzite near Carr Fork and sends out laterally, from both 
top and bottom, dikes and extensive sills. Lithologically it presents various facies. 
The basal portions, which include the lowest sills, are most basic, fine grained, 
and resemble the bodies in Black-jack at the head of Bingham Canyon and Muddy 
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Pork. The upper piirUoiia bepoinc mort- arid and can not lie dislm^ished from 
till' quartzite in the hand specimen. The sills t'xtondinn ti) Highland Boy on the 
west and Fortune on the eaat present much coarser texture and larger and more 
perfect phenocryets. 

The ore in this hicality iM"cnrs in three forms: On limestone beds, on fissures 
in ijuartzite, or Hiaseiiiinaled through ntonzonite. It wHll be considen'd iu detail 
in the descriptions of the properties, wliich will be given in the foUowing order: 
Coiiiniential, Copper Center, Jubilee, Franklin, Columbia, and Wall. 



SHuation. — The Commercial mine is located at the head of Copper Center 
Gulch upon the upper or ConiiiKTcinl limestone. Geologically it belongs with 
those properties which have large replacement ore bodies in massive limestone, 
such as the Higldand Boy, Old Telegraph, and Old Jordan mines: and since its 
limestone outcrops in upper Bingham Canyon, as previously described, the mine 
would naturally have been described among those in that locality, but, owing to 
the fact that the mine is operated from a tunnel which enters from Copper Center 
Gulch and will usually he associated with this locality, its consideration is arbi- 
trarily taken up with the mines here located. It should not, however, be oi her\s-if.i' 
nssociat«d with them, as it is entirely distinct geologically. 

IIistory.''~~The Bingham Copper and Gold Mining Company was organized 
in December, 1S98, to operate ths following claims: Commercial, Comnienial Xo. 2, 
Venard tunnel, and Old Hickory. Tlie Commercial whs first wurked for lis car- 
bonate and oxidized ore. In 1895 and 1896. under the ownersliiji of ibc Biugbnni 
Gold Mining Company, oxidized gold ore was exploited and Ireatcd l)v tlic i-viiiiide 
process without success. Upon the organization of the prcsciil c-o[u[miiy cxtcn.-ivc 
exploration of ore in depth was begun, and a long tunnel was drivin l.rlow fmin 
Copper Center Gulch. The outcome of this exploration bus led ihr cniiipni>\ lo 
erect asemipyritic smelter at Bingbani Junction, wbioli was tu be pn'|)iir('d to Irriit. 
the product from the mine on .January 1, lOOl. Sini'c tlinl diilc Ibe coniimiiy bus 
been regularly shipping sulphide copper ore.* This smeller whs pin inio romjiii,-;- 
sion in 1901. Beginning on 1.50 tons, the tonnage lias been slciitlily iniTeiiM'd. 
The structure is of steel and the plant includes three furnaces, sampling mill i'i]uip]ii'd 
with electric mottir of 7.5 horsepower, and threo blowers, «liieli ure n(ienited by 
electric motors of 75 horsepower. 

'I Hfiviit (tevr'liifiTTn'niii .in thit prnprty are lirieflj' glnni uoflvr Acl.lonilum, p. Stl. 

'' I >i' I < I r I ', ' .11 - Ml [t wu ifponed Hut IX loai Wi>rc Imliie haadjnl HtXly, irltli il«' i'\|i>'i'tii'l<iM iiim i.i tihI 

lit,- r^ : '^ :i-Ynflemlte'I.i*A(l ffniup, AJid that IhFCQnibLD«lpTnp*rtt*Mt hii'l iH'r'ii rr-ihri 
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Development. — The [)roperty was originally opened from the Bingham Canyon 
side by a tunnel driven northward in the limestone and by long drifts driven along 
the strike to the east and west from the main crosscut tunnel and by several cross- 
cuts, winzes, and raises. After working the bodies at this upper level and following 
them down on their dips for short distances it became apparent that they could be 
more economically operated from below. Accordingly, in the year 1899, a long 
tunnel was driven from the head of Copper Center Gulch southwestward to the 
Commercial limestone. After passing obliquely tlirough the barren hanging-wall 
limestone it crosscut the mineralized horizon and followed west on its foot wall. 
This work level is about 300 feet lower than the old upper adit, and is connected 
with it by a system of inclines and chutes. Between these two main levels the 
limestone has been explored at four intermediate levels, which are connected 
with one another and with the main levels by the main incline and by minor inclines. 
In brief, the limestone country, extending 1,500 feet along the strike about 450 feet 
in a northwest-southeast direction and 300 feet vertically, has been thoroughly 
opened by tunnels, drifts, crosscuts, and incline shafts. 

Geology. — The outcrop of the Commercial limestone may be traced along the 
north slope of upper Bingham Canyon, from the point where it is truncated by 
monzonite opposite the Jordan concentrating mill, obliquely westward up the slope 
above the Jordan to the Last Chance intrusive. It strikes south-southwest and 
dips northward. Quartzite forms the wall except where a sill in the foot wall 
breaks up to the limestone, as at the upper adit, then cuts up through, as above 
the Excelsior works, and continues westward as the hanging wall. 

Underground the limestone is commonly a massive, white marble, but it exhib- 
its various other phases of alteration. Among these are banded (gray and white) 
marble; chert-banded, fine-grained, silicified rock with pyritic inclusions, and 
cherty, honeycombed quartz. As compared with the Jordan limestone it appears 
less cherty, not so frequently banded, and locally, in its upper portion, a siliceous, 
fine-grained, quartzitic rock, resembles portions of the Highland Boy limestone 
more than it does the Jordan. In the upper adit level it is a white, marbleized lime- 
stone or iron-stained, impure, oxidized limestone; on the intermediate levels and main 
inclines it is usually white marble, locally cherty; and on the work level the white 
limestone is locally silicified into a fine-grained, homogeneous rock, with annular 
markings inclosing grains of pyrite. 

The quartzite hanging wall is pierced only by the outer portion of the work 
tunnel and the upper adit enters at the base of the limestone. Complex faulting 
renders any calculation of thickness based upon these contacts uncertain, but 
workuigs at the upper level show the ore-bearing member to be at least 230 feet 
thick. 
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Porphyry has been eiicwuntered, but not yet to an extent that interferes 
with exploiting the ore. Tlie upper adit, or upper level, starts upon tht- intrusive 
which forms the foot of the limeslune; just beyond, it pierces a thin, irregular, and 
fttuhed dike wliich trends northeast. The west drift and misscuts traverse n luryt-r 
dike of the same trend, wliich tbinti nipidiy northeastward. On the work level an 
incline surface of monzonite, dipping northward, is exposed near the upper contact 
of the limestone, and again, near its west face, at the foot of the ore shoot. These 
appear to mark the back of the sill between the Jordan and Commercial liniestonea, 
and the other exposures are undoubtedly connected with the same body. Since the 
date of its intrusion there have pnsued periods of Assuring, faulting, and mineral- 
ization. 

Structure and deformation.— The dip of the limestone, as indicated by banding 
on the upper, intermediate, and lower levels, is rather constantly 30° toward the 
north and northeast. The simplicity of structure suggested by this constancy is 
lost in complications arising from excessive fissuring and some faulting. The 
fissures have varions trends, which may be grouped in three classes according to 
their strike, viz, northeast-southwest, northwest-southeast, and east-west. The 
first are most numerous and are important in having served as pathways for mineral- 
laden waters; and the last, although less numerous, are of high economic interest, 
since they sometimes terminate ore bodies. The relative age of each of the slips 
is uncertain. The clearest case observed showed an east-west slip dippinf; southward 
40° cut by a north -north west plane, dipping northward at an angle of 60", and this 
in turn was ciit by an east-west plane dipping northward at an angle of So"; but 
this succession is not universal. Thus, wliile a slip trending N. 40° W. faults one 
trending N. 30° E., one trending N. 25° E. was observed to cut one trending N. oO° W. 
Again, while a northeast plane cuts another northeast plane of liigher degree (40° 
and 50°), two northeast planes of higher divergence {45° and 50°) cut two of lower 
(25° and 30°). Faulting is evidenced by offsetting of ore bodies and on mineral- 
ized fissures, and is best considered in connection with these ore bodies. 

Ore bodies. — The bulk of the ore occurs in a shoot whicii lies well within the 
body of the limestone, considerably above the imderlying (|U!irtzite. and pitches 
about 45° to the northeast. In dimensions it is, roughly, 30 feel wide, at least 2(1 
feet thick, and it descends to an unproved depth. This genenil slmoi is ni)| a unit 
of continuous ore, however, but includes several bodies which, iilllmui:li nrice 
continuous, are in several mstances separat-ed by faults. In a liii';.'c u(i\ rln> lurm 
of the deformed body is that of an enormous Y lying parallel lo ilic siiiiiii, wiili 
limhs downward in the direction of pitch. The extremities of t.lii-.c liiul)- -.ciiiiriitc 
along an east-west plane, then are dropped vertically, and the loft-h 
advances northward. Minor faulting modifies these larger fructurc^ 
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In detail, the head of the shoot, measuring 300 feet in width on the adit level, 
is there limited on the west by monzonite and on the east by a northeast movement 
plane. West of the main incline it has been explored at three intermediate levels — 
35, 55, and 136 feet below the adit level. On the first it terminates at the west on 
a northeast slip, and it appears to have been faulted down lower than the point to 
which it had been carried by its normal dip to the lowest level by a strong east-west 
strike fault. East of the main incline the ore continues downward, as seen on two 
levels, 52 and 99 feet below, and is there cut b}^ a V fault. This may be traced 
from a point just west of the head of the main incUne on the adit level northeastward 
across No. 3 level east of where the fault begins. The west branch of this fault 
runs northeast, parallel to the main incline, do>\Ti across No. 7 level and terminates 
at the western portion of the branched ore body on the east. The west fork diverges 
to the eastward across No. 3 winze and No. 7 level, and terminates the eastern Umb 
of the shoot on the west. The greatest deformation discovered in the mine has 
taken place along a strong fracture zone which trends east-west and dips northward 
at an angle of 80°. It appears at the head of the main shaft as a zone of cnished, 
mineralized limestone and gouge, about 10 feet wide, between well-marked move- 
ment planes. Slickensides on these planes indicate a movement downward to the 
northeast, at an angle of 30°. At the work-tunnel level, 140 feet below this point, 
where it has been followed as a foot wall for about 260 feet, it appears as a similar 
broad, breccia ted zone, which dips steeply (80° to 90°) northward and separates 
the barren limestone to the south from normal, banded sulphide ore to the north. 
Within this zone the ore has been crushed and the structure obUterated. Workings 
from the point where the ore was left in the upper level, down to the point where it 
is found again on the work level, do not cut the ore body continuously. It appears 
probable that the main shoot, if continuous on the dip to the master-fault plane, 
lies above in an unexplored country. If this be so, the offset caused by this fault 
amounts to over 100 feet. Succeeding this movement a fault occurred along a 
north-south plane, which resulted in relatively offsetting the western side to the 
north more than 100 feet. This plane may be seen at the west face of the No. 1 
tunnel, in No. 21 crosscut to the south, in No. 22 crosscut, at the east face of No. 16 
crosscut, on No. 9 level, and on its probable continuation at several other points. 
At the east face of No. 9 level it is seen to be later than the east-west movements. 
In addition to this center of ore deposition, slight mineralization is common on 
northeast-southwest fractures and exceptional (as noted at one locality) along 
northwest-southeast fissures. In such cases pyritization is as a rule closely restricted 
to the immediate walls, although certain occurrences show more extensive replace- 
ment along the bedding. The walls of the replacement bodies, when these are not 
the sUckensided surfaces of east- west faults, are often cherty members in the lime- 

10556— No. 38—05 17 
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sLone. This fornits the foot wall on the atlit level opposite No. 7 crosscvit and the 
hanging wall iieiir the faco of luirlh orussrut on No. level we«t ; again, on the work 
levpl toward the facea of Nos. IS and If) rroasruta north. 

Summary history. — In brief, the excessive tissuring ia most complex, hut the 
general sequence of events appears to he as fuUows: Intrusion of dikei^ and aills; 
tissuring along northeast-southwest planes: mineralization of the limeslone hy 
contact nietamorphiam and by deposition from solution» moving upward through 
these fissures; faulting along east-west planes; faulting along north-south planes. 

Ore. — The ore is essentially a copper-iron ore cai-r\"ing some gold and silver. 
No lead was observed in the main mine, and though it was reported that there is 
□one on the property, a little was found at the west face of the adit level. Tlie ore 
upon the upper levels is oxidized and is reported to have been formerly worked 
with pi'ofit. It gives way to sulphides at several points on this level and generally 
at only a short distance below (35 feet on the main incline). The transition is 
usually distinct, but the zone is wavy and uneven, like that between soil and sub- 
soil. The ore ia essentially a black coppt^r sulphide, with some pyrite. Associated 
are copper, c h a Ico pyrite, and the carbonates of copper. A unique occurrence of 
copper is found in the hanging-wall quartzite on the work level. This is the arsen- 
ical siilpliide of copper, in the form ot onargite. Tt occurs at a single locality lining 
a pear-ahaped cavity, which is apparently on east-west fissures (see PI. XIX; also, 
for detailed description and analysis, see p. 108). 

A slight secondary enrichment appears to have taken place along certain nori h- 
south planes, and extensive sulphide enrichment has produced tlie rich black copper 
sulphide ores. This is suggested by a darkening and compacting of the ure and 
by higher values. The ore is reported to carrj' comparatively high values in copper, 
with silver and gold aggregating an equal proportion and no lead. l>elerniination3 
of values in a single sample of yellow pyritic ore inclosed by black sulphide ore gave 
for the pyritic ore a little copper, 1 ounce gold, 3.32 ounces silver, and a trace of 
tellurium; and for the bla^k chalcocite ore 42.3 oimces copper, 3.S ounces gold. .'iS.fi 
ounces silver, and sufficient tellurium to account for the occurrence of gold iirid 
silver as tellurides. 

COPPER CENTER TUNNEL. 

Situation. — This property is located near the mouth of Copper Center (tnlch, 
al>out 1,000 feet southwest of the road in the main canyon. 

Erploration. — It has been exploited through a tunnel driven stnii^'lit wchi l.ir 
nearly 2,000 feet; by three shafts, the deepest of whicli i.s (lu\ni -I H> IVri : Uy iwu 
drill holes, one of which reached a depth of 300 feet, and by srvmil InimUvil Icct 
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Geology. — These workings lie in inonzonite with the exception of about 70 feet 
in quartzite, at the entrance of the main tunnel and about 25 feet in massive quartz, 
at the face of the No. 2 crosscut south. The countr>^ is traversed by many distmct 
planes of movement, joint planes, and irregular cracks, but no definite system nor 
constant structure appeared. There are, however, regions of less crushing and 
fissuring often marked by a complex network of thin veins ot quartz. Several belts 
of noteworthy fissure veining and mineralization were crossed in the long crosscut 
northward to beyond the Eldorado shaft. The more common trends and dips of 
the planes are east-west, with northward, southward, and vertical dips; northeast- 
southwest, with northwest and southeast dips; and northwest-southeast, with 
northeast and southwest dips; while there are some strong north-south planes. In 
addition to the apparent j)remineral movements, distinct slickensiding of mineral 
indicates that there has been postmineral movement. 

Mineral occurs throughout the area explored. In hand specimens it is seen 
to be made up of pyrite, some chalcoj)yrite, and a surface film of bornite on the 
latter. In fresh monzonite it occurs in the body of the rock only in minute grains 
of pyrite, and on joint planes, etc., as irregularly bounded flakes and scales. In 
a decomposed bleached porphyry it is in the form of plates lying along fracture and 
joint planes and of small, irregular masses, apparently embedded in the quartz of 
the veins as well as in the body of the monzonite. (For detailed discussion of 
this occurrence, see p. 167.) Mineral also occurs in the form of small aggregates 
embedded in the quartz of quartz veins, which ranged from the thickness of paper 
up to about 3 inches, and also scattered irregularly between the walls of quartz 
which line the cracks. 

Mineral is found throughout this immense body of monzonite, not in definite 
shoots, but thoroughly and irregularly disseminated. Correlation of assays with 
geology indicates, however, that where the values run highest the fissuring and 
veining are most pronounced, as in west drift from No. 1 crosscut, but in the 
main tunnel the changes in the low range of values do not seem to be so intimately 
connected with structure. The openings in this intrusive have been systemat- 
ically and most thoroughly assayed, and considerable experimenting in concentrating 
this ore has been carried on. The values are low, ranging from 0.3 to 2.28 per cent 
copper, and from zero to $1.20 gold. As a whole, the values in the main Copper 
Center tunnel are lower than in other portions and average less than 1 per cent 
copper. In the long crosscut farther north they are decidedly higher and rarely 
fall below 1 per cent of copper. The average of all assays, including main tunnel, 
crosscuts, shafts, and drill holes, would give between 1 and 2 per cent copper. 
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The lower Jiiliiicc tuiutcl lies on the nurthwfst slope of Copper Center Gulch, 
about 650 f«ct above llie tunnel of that name, and due west of its mouth. It 
extends westward in nionzonite. and, induding crosscuts, is over 1,000 feet in 
length. The questiomi involved here are com|mral>le to those connected with Copper 
Center tunnd, and the principal pi>ints determined arc the extent uf the intrusive in 
this direction and the values it carries. In general, average fate assays approximate 
those in Copper Center tunnel, ruiminfj perhaps somewhat liigher. while assays 
from seams which average 1 to 6 inches in width yielded S, 9, 11. and l'2.ri per 
cent :»pper. 

FRANKLIS TtlNNEI.." 

The mouth of this tunnel is locat^-d at Upper Bingham village, in a f^y 
next fioutheit.st of Copjicr Center (iulch. It was not open at time of visit. MajM 
indicate it as extending S. 45° W. for .5,400 feet at a level about 100 feet lower 
than the Jordan concentrating mill. It is reported to have cut only monzonite 
and quartzite. 

COU7MBIA M1\E. 



i 



Situation.— This property is situated on the nuitheast side of main Bingham 
Canyon, immediately below the settlement of Upper Bingham and opposite the 
mouth of Copper Center Gulch. 

Geologically it lies at the c^jntact of the great porphrj- mass in ntiddle 
Bingham Canyon with the quartzite lying to the east, and is mainly within the 
quartzite. 

Development. — The workings comprise a generally straight tunnel driven over 
a thousand feet to cut a series of east-west veins. Three of these linve Ih'imi opened 
by drifts extending both east and west from the main tunnel for several Immired 
feet, and on the fu^t of these an incline has been opened to the surface. 

Geology. — With the exception of an intrusive body cut by (he workinp; as 
they pierce the slo[)e from the gidch the country rock is quarlzlte. The veins are 
located on fissures which dip southward at angles ranging from :!4° to 41° and 
vary considerably from their general east-west trends. Thus, the What Hieer 
swings from a course slightly south of east to a more easterly course and divides 
and weakens. All show abundant evidence of movement. 

Ore— The ore occurs in the form of seams along the fis-surcs nml ^^il^n^^ IjiIit- 
ally to workable dimensions. The vein which was being openetl In llic Ali(<' diill 
at the face of the main tunnel showed 12 to 14 feet of pyrilic sul|iliiilr nii' i.ii a 
fracture eone succeeded above hy 3 feet of decomposed ijuiirlzitc, I I'uni nf nre, 
and a sUckensided altered roof of talcose material. 
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A specimen of the carbonate ore from the head of the incline on the What 
Cheer vein shows crushed quartzite mineraUzed in bands of crushed matter. Mala- 
chite and azurite predominate, and inclose brown oxidized cores and a very few 
isolated grains of pyrite. Some oxidation appears on the incline at the tunnel 
level, but veins cut farther in, and consequently at a greater depth below the surface, 
show no notable oxidation. Thus a specimen near the face shows pyrite and 
chalcopyrite associated with rich, black copper sulphide. 

The pyritic body in the third mineralized zone, like the bulk of the ore in this 
mine, is reported to carry about $19 in values, consisting mainly of copper and 
including $6 in gold per ton. The black talcose hanging wall is said to contain 
some copper. The middle vein, which has been explored more extensively than 
the others, both on strike and dip, shows a clean foot wall, with no mineral below 
it, but a hanging wall in which the mineralization shades off gradually. The 
country rock overlying this main vein for 63 feet is reported to have yielded 
assays averaging 4 per cent copper. In brief, the first-class ore is reported to carry 
high copper values and $6 in gold, and the dump is stated to have been sold 
for concentration.'' 

WALL GROITP.* 

LOCATION AND DEVELOPMENT. 

The ''Wall group '^ lies in main Bingham Canyon between Copper Center 
Gulch and Carr Fork. It is situated about midwav between these side vallevs 
and covers in great part both the northeast and southwest slopes over tTie inter- 
vening area. The operations here, like those at the Copper Center property 
described above, involve the working of low-grade copper values in monzonite. 
At Copper Center Gulch, however, exploration has been made through a few exten- 
sive openings, including long tunnels, drifts, and deep shafts, whereas the explo- 
rations of the Wall properties has been accomplished by means of a great number of 
short workings. These lie on both sides of the gulch at various levels, and include 
over 25 tunnels, 35 test pits, 2 drill holes, and various minor openings. 

GEOLCKJY. 

The area embraces the upper portion of the irregular laccolith previously 
described, where it has been breached by Bingham Creek.* Along the present 
creek bottom the country rock is concealed by recent gravel deposits, and on the 
east side of the canyon, east and north of the Rogers mill, bed rock is blanketed 
by a heavy bench of earlier gravels. The character of the country and its 
deformation and mineralization may be understood best through brief descrip- 
tions of the more extensive workings. 
. . ^ 

<« See, under Addendum, Ohio Copi)or Company. 

ft Recent develoijment of this property is briefly stateil under Addendum, p. 383. 




This tunnel is located at the southeast side of the main r*»ad 1,000 feet bolow > 
the Rogers mill. It extends westward 500 feet, is the longest of these tunnels, and 
is entirely in altered monzonite. This appears to be the same rock throughout, 
though presenting diflerent facies; thus, at the mouth it is the normal, fine-grained, 
p_\Titic variety, which in the middle portion gives way to a type showing fewer feri-o- 
niagncsian minerals, and at the face beyond the fork the texture is distinctly coarser. 
The walls are cut by many planes of movement which Fall into two main gmups, 
those trending northeast-southwest, and those trending northvrest-.southeiist. Nar- 
row veins of quartz are numentua; pyrite, c:iial copy rite, and some bomite occur 
tiiorouglily disseminated through the body of the intrusive and on joint and fracture 
planes in the form of blotches one-sixteenth to one thirty-second of an incfi in 
diameter, and also in the quartz veins of later origin. Molybdenum is found in 
rough scales and massive in the veins in the coarse intrusive at the face of the 
northwest drift. 

The values are found to be lowest at the mouth of the tunnel and at its face, 
where the average value was below 1 per cent. The highest values, which often ran 
over 3 and 4 per cent copper, were found in a zone aixmt 100 feet wide between lOlt 
and 200 feet from the mouth, in a transition zone between relatively uiishattered 
monzonite and more acid and fractured portions. Over (iO assays taken from 
the north wall average 1.61 per cent copper. When concentrated 14 into 1 llii- ore 
from this tunnel is reported to have yielded 32 per cent copper, Jit.flO in gold, l> jx-r 
cent silver, and 121 ptr *^cnt ii^on. 

This tunnel extends from about midway between No. 2 tunnel ami Uogers mill 
and about 60 feet above the main road on the southwest side wer.twurd 'MM feet. It 
ia wholly in fine-grained monzonite wliich appears here more massive, fraclured. 
and less veined than that in No. '2 tunnel. The mineral, including pyrite, cimk-o- 
pyrite, and bornite, occurs chieilj' as blotches upon the joint planes. jVssiiVM appi'wr 
to run higher in the neighborhood of fractures, but are lower iis a whole than in (lie 
No. 2 tunnel. They range from 0.2 per cent to 3.9 per cent copper, ami <)S Uf^-says 
average 1.41 per cent copper. 

This lies just behind the Rogers mill, between 40 and .50 I'cct iilnivc idkI iiorili- 
west of it, and extends in an east-northeast direction about 4N0 feci. Alii'c |iii— mg 
tlirough 50 feet of float it cuts an intrusive which passes fi-om a shiLltcred niii'nn'nii,-., 
finegrained variety into a normal, leas micaceous, and more acid lui'ii'>. .V ^ildlII 
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quartzite horse is cut about midway in the tunnel and quartzite is again encountered 
at the face of a north drift. Values range between 0.79 and 6.01 per cent copper, 
and 77 assays average 1.93 per cent copper. 

QUINN TUNNEL. 

This tunnel has been driven from a point just above the tramway, about 1,500 
feet below Rogers mill, in a northeasterly direction, for about 825 feet. It lies in 
igneous rock except at the face of a northwest drift, which is in quartzite. For the 
greater portion of its course it follows a strong fissure which trends northeastward 
and dips northwestward at angles ranging from 42° to 65°. This fissure is marked 
by a strong bloom of copper. In a drift running southeast from the fork of the 
tunnel quartz veins are faulted. Values range from 0.12 to 5.45 per cent copper, 
and 80 assays average 1.51 per cent copper. 

DRILL nOLES. 

Two drill holes have been bored: No. 1, just across the track in the rear of 
Rogers mill, to a depth of 450 feet; No. 2, 1 ,100 feet due north of the mill, to a depth 
of 275 feet. Assays taken at 5-foot depth give in No. 1 hole a minimum copper 
carry of 0.03 and a maximum of 2.93, with an average from 89 assays of 1.34 per 
cent copper. 

In No. 2 hole the minimum is 0.1 per cent copper, the maximum 2.38 per cent, 
and the average from 53 assays is about 1 per cent. In No. 1 the highest values were 
found at depths of 225 and 250 feet. Although values ran lower than 1 per cent 
between 305 and 395 feet, below that depth they resumed the normal and main- 
tained it to the bottom. In No. 2 the values were highest from 185 to 225 feet and 
averaged at the bottom higher than toward the top of the boring. 

SUMMARY OF VALUES. 

Copper values seem to be constantly lowest at the immediate surface, as indi- 
cated by assays adjacent to mouths of tunnels, and abnormally low in old tunnels, 
as in the Soldier tunnel, reported to have been driven over thirty years ago; but the 
gold carry, which ranges from 30 to 50 cents and averages 37 cents, is found at its 
maximum in the oldest tunnel. In brief, thorough assaying of mineralized monzo- 
nite exposed in a great number of widely separated workings appears to indicate 
that the copper values are universally disseminated without regular restriction to 
definitely limited areas; that they are constantly lowest at the immediate surface 
and in old workings (in wliich gold is reciprocally liigher), and that they are 
approximately equal in the area tested, both areally and in depth. 



CARR FORK. 

The main mineralized zone of the Binghain distriot. cliaracterized by fissured 
nietamorjjlioaed limestone and intrusives. crosses Carr Fork and reaehts its highest 
geologic and most western geographic position in this locality. The upper mem- 
bers of the great ore-bearing limestone series, including the thick, marbleized High- 
land Boj' and Yarapa beds, the sihceous Tilden and Phoenix beds, and the thin Petro 
bed, all outcrop along the north wail of this canyon. They strike in a general 
northeast-southwest direction and dip northerly at an angle of about 45°. Unlike 
theii" underlying members, the Jordan and Commercial limestones, they are of 
limited longitudinal extent and appear to become more siliceous along the strike 
to the east and west, and pass into quartzite. Many irregular and extensive intru- 
sive masses cut siliceous sediments on the south side of this canyon, and toward 
its head some of them extend upward into the ore-bearing limestones. The great 
Last Chance stock of monzonite reaches its liighest limit here; coarsely porpliyritic 
dikes cut across siliceous and thin blue limestones, sandstones, and quai-tzite at the 
head of the canyon, and large, irregular dike sills extend from the laccolith of monzo- 
nite at Upper Bingham across the south slope of this canyon. The Highland Boy 
limestone is cut both on the surface and underground by dikes and sills of munzt'nite. 
Strong faults, which traverse the central part of the district, truncate and displace 
these limestones and intrusives as well as the ore bodies. 

The principal ore bodies which have thus far been discovered in this region 
occur as flat lenses of sulphide copper ore within the Higliland Boy and Yunijia lime- 
stones in the general vicinity of intrusives and northeast-southwest or east -west lis- 
sures. Productive lodes of argentiferous lead ore have also been opened. The 
properties which are entered from Carr Fork will be described in the followintr order: 
Highland Boj', Yampa, Frisco, Zelnora, Star, Argentine, Parnoll, Minnie, Mary, 
York, Phoenix, Cuba, and Crown Point. 

HIOIILAMD BOT MINE." 



This property is situated near the head of Carr Fork, on a spur between that 
gulch and Sap Gulch (PI. XLH). The mine is located on u massive. melaiiiDr- 
phosed hmestone which strikes east and west and dips northward. 

The Utah Consolidated Mining Company'' wa« organized in ISdii IhiiIi iis 
main office in London) to exploit the ore bodies on a large gmup of elitini,- wlucli 
includes the Highland Boy. Heniy M., and Omaha. 

nliaportaiil ' tslnthlsin , sir d d Id IhD Addrndmn, 71. :i7(i. 

^In Maj, IW ...rrhitau] Ibe-v ogngr Judlng Um Dortbe)>*t pxlenninn ul 
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The Highland Boy claim was located in 1873 by James W. Campbell. Slight 
early exploration was conducted both on this and adjoining claims. In a winze 
from No. 1 tunnel rich gold ore ($30 to $47 per ton) was found, and in No. 3 
tunnel a small shoot of lead ore was cut and stoped to the surface. From that 
time to 1896 little more than assessment work was done. Mr. Thomas Weir then 
leased the property, extended the No. 3 and No. 4 tunnels across shoots 1, 2, and 3, 
and sunk connections, making a total development of 9,800 feet. The expense 
of exploration was covered by shipments, which included 2,000 tons of lead ore 
from No. 4 fault, with 5,000 tons of copper ore, reported to carry 12 per cent copper, 
$4 gold, and 3 per cent silver. This is understood to have been the first practical 
exploitation of sulphide copper ore in Bingham. Rich gold ore was treated in a 
large stamp mill and then cyanided, but the savings did not warrant a continuation 
of this experiment. Messrs.. Newhouse & Weir then consolidated and bonded a 
large group of adjacent claims and sold the property in 1896 to the present owners. 

At timeof visit (1900) the plant comprised astamp and cyanide mill, a thoroughly 
equipped assay office, workshops, a Bleichert aerial tramway, and a smelter, at 
Sandy, of 350 tons capacity. The tramway extends from No. 6 tunnel to the 
railroad below Bingham station, 12,600 feet distant. By this system buckets 
carrying 625 pounds each and running at the rate of 300 feet per minute, 216 feet 
apart, transport 250 tons of ore in ten hours, at an average cost of 1 1 cents per ton. 
Motor power is furnished by a stationary engine of 12 to 15 horsepower. During 
the fall a new head house was erected at the mouth of No. 7 tunnel, a heavier cable 
was strung on the tramway, a power house for both electricity and compressor, a 
new warehouse, blacksmith and carpenter shops were to be erected in the same 
locality, and th^ capacity of the smelter was increased to 500 tons daily. (For 
detailed description of smelter plant see p. 93.) This property has supplied the 
bulk of the copper ore shipped from this district during the past two years (1898- 
1900). 

DEVELOPMENT. 

The w^orkings of tliis property comprise five tunnels, which have been driven 
at as many levels in the limestone westward roughly along the strike from the 
outcrops in Carr Fork and Sap gulches (PI. XLII). The highest tunnel. No. 3, 
which is also the shortest, extends to a point about 725 feet west of its mouth, 
while the lowest tunnel. No. 7, which is also the longest, is over 1,900 feet in length. 
Tunnel No. 3 is connected with No. 4 by inclines, while tunnels Nos. 4, 5, 6, and 7 
are connected at several points by vertical shafts which carry ladder ways and ore 
chutes. The largest amount of crosscutting and drifting has been done on No. 6 
level, which has hitherto been the work level to whicli ore was chuted and through 
which it was taken bv 10-car mule trains to the head house, but No. 7 tunnel and the 
connections with No. 6 have been driven with a view to utilizing it for a work level. 
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northeast fissures faulting has taken place since mineralization. Lack of devel- 
opment to prove the nature and extent of these faults renders knowledge on these 
points incomplete and uncertain. The longitudinal section, however, proves faulting 
along north-south planes, which is without constant habit, although in the best 
known instances uplift is on the west. A fault near No. 5 raise results in an upward 
displacement on the west of at least 75 feet. 

On the fourth and fifth levels a zone of intense crushing, complex Assuring, 
and movement has been encountered at the extreme west. On No. 4 level the lime- 
stone is cut by a north-northeast slip plane (dip vertical and steeply east and w^est), 
which is cut by more easterly planes, and these in turn are cut by a very strong 
north-northeast plane parallel to the first and dipping 45° easterly. Crosscutting 
on this southward has revealed a strong east-northeast plane of movement (dip 
northerly 45°), w^hich truncates the strong north-northeast plane. Drifting west- 
ward on this shows a second strong plane similar in all respects to this, and sulphide 
ore between the two. Barren marble lies below this inclined zone and siliceous 
breccia above. On the next level below, and vertically beneath, a series of strong 
slips (east-west and northeast-southwest) have been opened. These do not, how- 
ever, accord in trend or location on the dip with the set in the level above. In a 
series of tunnels which lie due north of this spot in Sap Gulch, and were driven 
fifteen years ago, the ore is reported to have been faulted along a north-south plane 
so as to throw the w^est side 30 feet to the north. Present development -in the 
Highland Boy has proved neither the nature nor the amount of deformation. 

Ore bodies. — The ore bodies in this property are more distinct, regular, and 
continuous than those seen in any of the large mines in this district, and they have 
been opened and exploited more systematically. They lie within the main body 
of the limestone and at a horizon considerably above the quartzite foot wall along 
a strike zone of fissuring and mineralization. Localization of ore has resulted in 
the formation of three well-defined lenses, or shoots, which are designated from 
east to west asNos. 1,2, and 3. They dip northward roughly with the bedding, at 
angles ranging from 30° to 45°, strike east-west, and pitch northeastward at an 
angle varying from 40° to 45°. No. 1 shoot, which is the largest, has been cut 
on all levels and reaches its maximum size on the No. 6 level, where it is approx- 
imately 400 feet wide and over 100 feet in thickness. Bodies Nos. 2 and 3 are 
much smaller and do not appear as distinct shoots on the highest (No. 3) and lowest 
(No. 7) levels. 

The w^alls are slip planes on either siliceous or crystalline Jimestone. In the 
few instances where cross cutting southward has exposed the imderlying quartzite 
the ore does not make down to it. The most distinct foot wall is formed by sharp 
planes of movement which trend with the strike and dip northward 60° to 70°. 



The hanging wall is sometimes an entirely barren bed of marble or silirified lime- 
stone. In otber instances the upper portion of the ore body bcfoines jjrogi'ess- 
ively leaner vntil it passes into barren Umestone, which forms the hanging wail. 
Liiterally, the bodies pinch to thin, irregular, but practically connetrting. seania. 

Fissures have not been extensively opened nor faults proved up in this prnp- 
erty, but in the present stat* of exploration a feature of interest in connection 
with theories of the genesis of the ores appears to be the sj'stem of fissures trending 
with the strike and dipping northward. The dip, however, is not coincident with 
that of the bedding but cuts it oblitiuely on a steei>er inclination, which averages 
6(J° to 70°. These planes show mineralization, and this fact, together with staining 
outward from them and the mineralogical cliaracter of the alteration, suggests 
that they were the passageways for mineral-bearing solutions or vapors from 
underlying magmas. 

Ore. — Tlie present shipping product is made up of copper and iron sulpliides. 
It carries chiefly copper and low values in gold and silver. No. 1 ore body lias 
been oxidized in its upper portion. The boundary between oxidized and non- 
oxidized oi-e extends nearly down to No. 5 level on the east and runs westward 
above the No. 4 and intermediate level just below No. 3. The transition zono 
thiw accords with the surface topography. 

Mineral compositionof ores. — Pyi-ite and chalcopyrite, with some bomite (peacock 
ore), and chalcocite make up the greater mass of the ore; galena, limonitc, s])C(u- 
larite, chalcanthite, marcasite, enargite, azurit-e, and occasional minute quantities 
of blende occur in lesser quantities. Galena is practically restricted to fracUiro 
zones. Up to the time when the property was sold to the present company it whs 
reported that not a trace of blende had been found. 

Values.- -Mr. Weir reports that in sinking a winze through o.vidi/.cd ore he 
found gold ore in considerable amount^to a value of S30 to $47 per loit. Five 
thousand tons of ore shipped during early development work arc saifi lo Ihlvh 
averaged 12 per cent copper, $4 gold, and 3 per cent silver, and it is rcporled that 
values in each of the ore bodies ran slightly higher in the upper levels. The pres- 
ent average values of Vhe Highland Boy ore were not obtained, but ll is understood 
that, as compared with ores from other mines of this camp, tlicy slmw a liiglur 
percentage of copper, about an equal amount of gold, and a lower pciventuije of 
silver. Estimating the entire working expense as $6.16 per ton, on the luisis of 
a published statement of the company, the value of the reduccil on 
high to leave a gftod profit. The mine is to-day the chief prodm 
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YAMPA MINE.^ 

This property is situated on the north slope of Sap Gulch, about 1,800 feet 
from Carr Fork. Its workings lie in the Higliland Boy limestone just east of the 
pronounced fault which probably determined in part the position of Sap Gulch, 
and on the east offsets the limestone to the north. Immediately north of the 
gulch it outcrops over a prominent ledge of quartzite which appeai-s. to have suf- 
fered step faulting through dragging on the main Sap Gulch fault. Eastward 
the outcrop of the limestone shows considerable staining, and prospects reveal 
indications ot mineral. 

The workings which have thus far been run for exploration comprise only 
an incline which descends due north for 70 feet, a crosscut northward from its 
foot, and short drifts from this to the east and west, while other less extensive 
inclines and a tunnel have been driven into the base of the limestones to the east 

Underground the country rock is a crushed and fractured, banded, cherty 
limestone, which strikes slightly south of west ..nd dips northward. Among the 
numerous fissures which traverse the limestone three prominent sets may be dis- 
criminated which trend N. 80° E., N. 10° E., and N. 40° W., respectively. No 
quartzite was seen at the main Yampa incline, but it is reported to have been 
struck 20 feet below its foot. The fractured country rock is thoroughly miner- 
alized with pyrite and some galena. Development is not sufficiently advanced to 
prove the character of the occurrence. 

FRISCO MINE.* 

This property is situated at the head of Carr Fork, just beyond the end of 
the main road. The tunnel enters westward through a coarse and fine-grained 
porphyry for 400 feet, crosses several fissures, and then (it is reported) penetrates 
limestone, dipping north-northwest, and follows a vertical fissure southwestward 
for 300 feet in quartzite. The ore is said to occur in the sihceous limestone and 
to carry galena, chalcopyrite, pyrite, and sphalerite. 

ZELNORA M^NE.* 

Situation and development. — The Zelnora is situated at the head of Carr Fork 
on the southeast slope of Clipper Peak. It is reached by a road leading northeast 
from the saddle between Clipper and West Mountain peaks. It lies on a siliceous 
limestone, or calcareous quartzite, which dips northerly, and is in part underlaid 
by coarse porphjTy. The workings include a main incline on the vein to a depth 
of 250 to 300 feet; a lateral incline, which branches from the main one about 



n The extensive enlargement, surface Improvement, and underground development which this property has undergone 
since the date of visit are briefly described in the Addendum (p. 382). 

fr Regarding consolidation of Zelnora, Frisco, and Star, see Addendum, p. 383. 



midway in its length and extends to a like depth; short drifts from the inclines 
at seven levels opening in several cases into slopes ; and a 50-fout tunnel (southeast 
northwest) which connects the surface with the head of the main inclinp. 

Geology. — ^This property lies about in the strike of the Highland Boy lime- 
stone, in an area characterized hy quartzite and interbeddad, calcareous members 
which dij) northward and are cut by irregulai' sills of coarse porphyTy. On the 
tunnel level the country rock is a very siliceous limestone which continues down 
the incline, exhibiting several calcareous and siliceous facies, and at the foot of 
the main incline it is a crystalline limestone or marble. Coarse porpliyry is exposed 
in the lower half of the main incline as apophyses i.i lime with uneven contacts, 
and it appears to be an irregular sill breaking upward across the limestone 
toward the west and north. 

Tills composite country rock is cut by a plane or zone of fracturing, which 
lies roughly parallel to the stratification, strikes north about 00° W. and dips 2.5° 
to 36° northeastward. The distinct hanging wall afforded by this slip plane appears 
throughout the workings. The porphyry-limestone contact is often slickensided. 
and continuous shp planes cut both alike, indicating a postintrusive movement. 
One such east-west plane had blackened compacted walls similar to those described 
in the Highland Boy. and if this indicates the manner in which mineralization 
took place, it proves the period of mineraUzation to have been postintrusive. 

Occurrence oj or*.— The ore occurs on the main northward-dipfiing lissure 
in the form of elongated pockets or pencils which dip with the fissure. These 
locally thick portions of the vein rarely exceed 4 feet in thickness, are tciniLniiled 
abruptly along the strike, and do not show any considerable continuation nn the 
dip. The last mass exploited is a tabular body found at the foot of the chhi iiu'line 
in limestone under a clean slickensided hanging wall. It is made up oi' S inchi's 
of silicified cherty matter in gouge; 2 feet of true, brown, ochemus cnrhonatc; 2 
feet of the same less altered and showing unreplaced and unoxidizcd cores of lime- 
stone underlaid by 1 foot of firm, siliceous rock resembling limestone. At the 
foot of the moin incline, 90 feet northwest and slightly below, is a pocket of almost 
pure galena, which lies at the contact of the limestone with the porphyrj- foot wall. 
Higher workings have cut veins of galena (one-half to S inches in thickness) which 
lie in the limestone. Seams in the walls of small upper stopcs indicate po.sitioii9 
of reported carbonate bodies. 

The ore is a lead carbonate with some lead sulphide. It is re|)iirii'ii lu iiury 
verj- high lead values, often practically no silver, and insufficient g 
to pay for saving them. Sphalerite occurs in alight (luantitiea. 
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STAR TUNNEL. 

This tunnel lies on the Zelnora road about 100 feet south of that property. The 
cliff above the tunnel shows siliceous limestone, or calcareous quartzite, striking 
N. 70° E., dipping northward at an angle of 33° toward a brecciated mass of quartz- 
ite and limestone in porphyry, and separated therefrom by a zone of strong breccia- 
tion 6 inches to 3 feet in width. The tunnel follows this contact breccia S. 50° W. 
for 150 feet. Its face hes south of the contact in siliceous limestone and exposes a 
fissure forking upward. No mineral was seen. 

ARGENTINE TirNNEL 

This tunnel hes in the southeast slope of Clipper Peak on the Zelnora road, 
600 feet beyond that mine. It is in quartzite which overlies the Zelnora and under- 
lies a portion of the Highland Boy limestone exposed on the slope above. An incline 
follows down the contact of this Umestone with the underlying quartzite for 35 feet. 
At level of trail a tunnel has been driven N. 50° W. for 200 feet through quartzite 

into coarse porphyry at the face. A quartzite which includes several calcareous 

* 

members is traversed by numerous zones of brecciation. These cut the tunnel 
obliquely in north-south and N. 30° E., directions, and as a rule dip steeply to the 
northeast. In a broad fracture zone near the mouth of the tunnel bits of porphyry 
occur, indicating a postintrusive date for the fracturing. No mineral was shown in 
the tunnel ; samples from incline on limestone-quartzite cgntact above are reported 
to assay high in copper, gold, and lead. 

PARNELL MINE. 

Situation. — This mine is situated about 3,000 feet N. 40° W. of the junction of 
Sap Gulch with Carr Fork, near the head of the gulch next northeast of Sap Gulch. 
Its workings are in the upper of the two massive calcareous quartzites which lie 
above the Highland Boy limestone. 

Development. — The main tunnel enters the limestone from a point just below 
the road, extends N. 25° W. about 200 feet, and there forks into a series of drifts 
which extend 100 feet beyond. Kecently this has been abandoned and a tunnel 
started in the next gully northeast, which is to be driven southwest to strike ore 
200 feet lower on the supposed downward extension of the showing found in the 
main workings. 

Geology. — The lower tunnel, though it has been driven 50 feet, has not passed 
through the float. The country rock cut is a variable calcareous quartzite. This 
is slightly calcareous through the first 100 feet, then becomes very siliceous, often 
quartzitic, and passes into a true cherty limestone. This is traversed by two sets 
of fractures, one trending N. 70° W. and dipping northward, at angles ranging from 
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20° to 50°, and the other trending N. 10° ti» 20° E. and dipping stoeply to the east. 
The former was istained with a bright ii!d siihstunce said t(i assay *t! in g(il<l; Ihe 
latter comprises three strong parallel s]ip plants which form a mineral zone about .'!0 
feet in width. Where they cut the limestone it is locally sUicified and jwrous. No 
ore has been shijiped from this mine. Prosjwcling along a hreooia zone in a<liacenl 
quartzites, wliich were stained red, is rejiorted to have yielded several t-ons of very 
high-grade gold ore. 

MINNIE Mixe, 

Tiie Minnie workings enter the same calcareous quartzite just over the baeW of 
the next spur north of the main Pamell opening. In portions of this mine the on-- 
bearing member becomes a marble. A tunnel follows the contact of the limestone 
with the quartxite foot wall for 100 feet, where it forks into a west extension of the 
tunnel and two inclines all on the contact. The country has suffered systemalic 
step faulting along strong N. 20° E. slips. In each case studied the western member 
had been relatively elevated 5 to 8 feet. The ore is composed of pjTite and chal- 
cocite and is a replacement of basal beds of the limestone. 

HART MIXE. 

This property is situated on the north slope of f'arr Fork, near the head of the 
second gully north of the Highland Boy mine: it is on the upper calcaroouw quartzite. 
The main workings consist of a tunnel driven over 300 feet N. 20° to .30° W. and an 
incline sunk in a northeasterly direction at an angle of 30°. The tunnel cuts quartz- 
ite, siliceous limestone, and crystalline limestone, and the incline follows the lime- 
stone contact with quartzite foot wall. Both cut a strong fissure which trends X. 
fi()° W. and in the tunnel dips steeply to the northeast aud bouthwesl, bonu' 
copper staining was noted. 

YORK MINE. 

Situation. — The York mine is locateci on the northwesi slope of Pflrr Fork, 
northeast of the Highland Boy mill, at the head of the first gully north of SupGukli. 
It is on the contact of a variable limestone with quartzite which dijis northerly. 

Development.— The workings comprise inclines descending northward on the 
"bedded vein' ' and drifts driven east and west on it at .several levels. They are 
connected with the Petro workings and thence with Cottonwood (lulch by an incline 
over 800 feet in length. 

Geoloffi/. — The apex has been traced across the property enstwun! on I'ltio 
ground, and it is reported that past litigation resulted in the decisimi ilml Vml, mid 
Petro workings are on the same vein. Underground the country nicU mid llir vi^Iti 
are variable and often obscured. Normally the country rock is silicei 
ous quartzite with local variations between a banded iiunrtzite, (ini 
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siliceous limestone and coarsely crystalline mottled marble. The dip is northward 
20° toSS*' and the strike is east-west. This country is cftt by a clean slip plane 
approximately coincident with the bedding and known locally as the ' ' bedded vein.' ' 
Typically, its hanging wall is true banded quartzite and its foot wall either fine- 
grained, siliceous limestone (calcareous quartzite) — as may be seen where it is first 
cut by the entrance tunnel and in the extreme northwest portion of the mine — or 
a thin 2-foot to 6-foot crystalline and mottled marble, as in the east connection with 
the Petro incline and on levels in the Petro mine. 

Deformation. — Fracture planes and faults cut this ^'bedded vein" in north- 
northwesterly directions (N. 0° to 35° W.) and offset it for amounts varying from a 
few inches to over 50 feet. The direction of movement is not constant, the faults 
with downthrow to the west being almost as numerous as those of opposite throw. 
Dislocation in the former appears almost invariably to have been of small amount, 
2 to 6 feet; while in the case of the great dislocations, so far as studied, the west side 
is upthrown. Along 'Hhe west incline" faulting to the amount of 10 feet, with 
upthrow to the west side, has taken place on a plane which trends N. 20^ W. and 
dips steeply eastward at head, vertical along middle, and 75° to 80° at foot. Nearly 
parallel to this fault (N. 25° W.) and cutting the ''bedded vein' ' on several levels 
is a fault on which the upthrow on the west decreases from 16 feet above the tunnel 
level to 6 to 10 feet on the lowest level. The western portion of the workings cuts a 
north-south compound fault zone made up of three main planes, of which the maxi- 
mum aggregate upthrow on the west amounts to about 55 feet. In one instance the 
movement is seen to have been differential, amounting to nothing at the pivotal 
point and increasing in opposite directions north and south of that point. East-west 
slips perpendicular to the bedding cause small steps in the ' 'bedded vein.' ' 

Ore bodies. — The chief ore bodies which have been formed on this property 
lie in tha "bedded vein" adjacent to fault fissures on the upthrown (west) side. 
Between them the "bedded vein" is practically barren, the 6 to 18 inches gouge 
giving way only locally to small pockets of ore. Other small lodes or pockets have 
made out from fissures into the hanging wall. The body along the west incline fault- 
made from a fissure for 25 feet in places, then pmched abruptly. That along the 
the old incline in a similar way made to a thickness of 25 feet in the fissure and 
pinched abruptly to the westward. Each of the three principal zones of fissuring, 
mineralization, and faulting show postmineral faulting, and at different points 
along the middle or "old incline" zone there appeared to be postfaulting mineral- 
ization. The sequence of events then appears to bo: (1) Fissuring along east-west 
planes dipping gently northward (' ' bedded vein ") ; (2) fissuring in north-south and 
northwest directions; (3) mineralization of "bedded vein" through and adjacent 
to north and northwest fissures ; (4) faulting on north and northwest planes ; (5) 
possibly secondary mineralization along fault j)lanes. 

10556— No. 38—05 18 
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Ore. — The ore sloped from pockets along the two fracture zones is reported 
to have been lead sulphide with some copjier. That now heing opened on the 
western compound fault zone is copper sulphide, and from "copper drift" at tunnel 
level some copper, carbonates are reported to have been taken. Near the middle fault 
crystalline cerufisite occurs in the ' ' bedded vein " as a tabular body in black gouge. 
The bodies on the two eastern fissures are reported to have jrielded 6.000 to 7,000 
tons of high-grade ore in early days, but the copper sulphide opened on the western 
fault system is of low grade and does not afford satisfactory results on concentration. 

mOEKIX MI\'E. 

Situation. —'T\a& mine is located in a spur between Cottonwood GuJch and 
Carr Fork, and its eastern and main entrance lies 1,500 feet S. 50° W, of 
their junction. 

Dt.velopment. — It is operated at two levels : The upper, the Coromandel, cross- 
cuts southeastward through fractured quartzite to an unusually strong northeast- 
southwest fracture zone, which it follows eastward. About 325 feet below this the 
main tunnel extends from its mouth in Carr Fork about 900 feet southwestward 
in the upper calcareous quartzite and opens strong northeast -south west and north- 
south fissures, where the northwest drift crosscuts the great fissure which has been 
followed southwest on this level for about 1.000 feet. Between this main level and 
the Coromandel level the fissure is stated to have been sloped out on several .slmots. 

Geology. — The main fissure is a fracture zone 3 to 8 feet in width, cutting 
quartzite and including between its well-polished walls crushed qioirlzitc wiili 
calcareous filling. On the Coromandel it trends nearly east and west and (m.-^nes 
eastward from the steep northern dip at the southwest through veriicnlity (u a 
steep southern dip. which it shows on the main tunnel level. On the upper level 
at the southwest end a spur from the main fissure has been opened .Mnitliwnrd, 
Below, at the west end of the main tunnel, spur fissures have been (i|K'iU'd .'^oulli- 
ward. The formation and the mineralization of these spurs appear to Imvc bccii 
contemporaneous with those of the major fissure. At the east <'in! nf ilic lirilt , mi 
the lower level, the ore in the fissure is sharply truncated hy it mirth-stiviih ^lip 
plane. 

Ore. — The ore has been taken from seams in the mam fi^ssure, whcie il fumicd 
as silver-bearing galena, copper-bearing iron sulphide, and iilm-k c(ipp.'r siil|ihidc. _ 
Ore marketed hi 1900 is reported to have carried on an avcrairc 41 pi 
6.3;! ounces silver, and $1 in gold. 
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CUBA TUNNEL. 

This tunnel is located on the west slope of Carr Fork, 100 feet above its base 
and 1,500 feet above its junction with Bingham Canyon. It crosscuts barren 
quartzite northward to a thin but distinct fissure. It trends N. 75° to 80° W. and 
dips northward 50° to 90° between a calcareous quartzite (siliceous limestone) 
hanging wall and quartzite foot wall. Only slight pyritization was noted, and 
bodies of economic value were not seen. 

CROWN POINT MINE. 

Situation and development. — This mine is situated on the northwest slope of 
Carr Fork, 900 feet S. 60° W. from its junction with Bingham Canyon. The work- 
ings lie on a body of ore inclined to the northwest and consist of an incline sunk 
on ore at an angle of 35° to 38° in the upper 100 feet and of 40° m the lower 100 
feet; of drifts with crosscuts and stopes on a vein driven from the incline to the 
northeast and southwest at 100- and 200-foot levels; and of a northwest-southeast 
tunnel connecting the surface with 100-foot levels. 

Geology, — A sill-like intrusive outcrops for a short distance along the strike 
just west of the Shawmut mill. Underground the vein lies between a quartzite foot 
and a calcareous quartzite hanging wall which dip northwestward at angles of 35° 
to 40°. The sill has been cut at the incline on the 100-foot level, and at the incline 
and in two crosscuts into the hanging wall on the 200-foot level. Thus it appears 
to lie in the hanging wall at short but varying distances above the ore, but not to 
form the immediate hanging wall. This country rock is cut by northeast-southwest 
fractures and by northwest-southeast fractures. On the latter faulting occurred, 
and in one instance, as proved on both 100-foot and 200-foot levels, this resulted 
in an upthrow to the west of 6 feet. Other faults have not yet been proved up. 

Ore. — The main ore body, as exposed along the main incline in both levels west 
of the incline, is a bed of massive pyrite 3 to 4 feet thick, which quickly pinches out 
to the east and is truncated by northwest faults on the west. It has been oxidized 
for only about 20 feet below the surface (50 to 60 feet down on incline) and shows 
a very gradual transition to the base sulphide below. Ore which made on the 
N. 40° W. fault fissures has been exploited, and at time of visit was being worked 
at the west face of 200-foot level. Tlie succession of events appears to have been: 
(1) Intrusion of sill into calcareous quartzite; (2) northeast-southwest* fissuring and 
northwest-southeast fissuring; (3) mineralization along the former through the 
latter; (4) faulting of ore along northwest planes. The pyrite body carries low 
values in copper and gold and is found in amount to justify milling. 



MUDDY FORK. 

Thfl sedimentary rocks cut by Muddy Fork are the qiiartzitps and siliceous 
limestones whinh l■ha^a(^te^ize the transition from the Commereial and Jordan 
limestones at the soutlieast to the HigliJand Boy*Petro limestone series to the nortli- 
west. The most important calcareous rorks within this area are those cut l>v the 
workings of the Boston Consolidated Company, which are frequently normal meta- 
morphosed limestone horses of marble, prnbably portions of the Jordan and Com- 
mercial limestone included in h disrupting intrusive, and the thick limestones and 
marble on West Mountain at the head of this fork. These sediments strike in a 
general east-west direction and dip northward, but their structure and their con- 
tinuity are greatly disturbed by numerous and extensive intrusives and by intense 
fissuring. fracturing, and bret-ciiition. Thus a great body of monzonite breaks 
abniptly across the Commercial and Jordan limestone, apparently from upper 
Bingham Canyon, and occupies the entire upper portion of Muddy Fork. The 
intrusives of its middle and lower extent are massive, irregular sills and dikes of 
monzonitic facies, apparently connecting the monzonite of the Bingham laccolith 
on the east with the coarser monzonite characteristic of the lower levels of the High- 
hind Boy, and dikes of coarse porphyry (monzonitic) at the head of Carr Fork. The 
complexity and intensity of deformation indicated by these laigcr feature's are fully 
substantiated by detailed observations. Indeed, perhaps no single nreii in this 
district exhibits more complicated deformation than that on the southeast ?.id(- of 
Muddj' Fork, known as the Old Stewart ground. 

Two types of ore bodies are extensively developed in this localtiy, Strunj: 
fracture zones which traverse the monzonite stock about the head of thi' lurk liave 
been extensively opened and found to inclose valuable lodes of rich argentiferous 
lead ore. Again, one large and several sinall bodies of rich sulphide copper oie hiivp 
been found in metamorphosed limestone. Rich oxidized and rarbonnte '.>yi.'s in 
fissures between limestone walls also occurred here. 

The properties in which these bodies have been developed will he described in 
the following order: Last Chance, Greeley, Mountain Gem, Nast, Burning Moscow, 
and the Boston Consolidated group, including the Ingersoll. Phoenix. Bulldozer, 
Stewart, Edison, Peabody, Campbell, and Aimstrong. 

LAST CHANCE MINE. 

Situation. — The Las*. Chance property is situated on the snuthoiii .-.Iniic^ mI iIu> 
head of Muddy Fork and extends westward beyond the intrusive ovit (lir ■■Mrii-u-n 
of the middle limestone on West Mountain below West Moiinliiin Muni 

Development. — It has been opened at three main levels — the British tinnicl 
which is the lowest and adjacent to the Last Chance concentration mill; t'r "iiHi-l'no 
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level, about 400 feet above and 1,800 feet southwest; and the Hooper level, 600 feet 
above and 2,400 feet southwest of the mill. A country has been opened which 
measures 1,900 feet east-west, 2,700 feet north-south, and 600 feet vertically. The 
British tunnel, where all exploitation is now being conducted, is the main working 
level. 

Geology, — Monzonite is the country rock. This includes a small horse of marble 
cut near the mouth of the British tunnel and ends near the west face of the west 
drift on the 500-foot level against quartzite, and on Hooper level, 100 feet from the 
mouth, against the siliceous and crystalline limestone, which has been followed 
thence westward above the quartzite on the 500-foot level. 

The monzonite is cut by many joint planes, along which some decomposition 
has taken place, and is fractured in many directions. The most important series of 
fractures trends N. 30® E. to N. 50° E., and dips through the inner portion of the 
British tunnel and in the 500-foot tunnel to the southeast and through the outer 
portion of the British tunnel to the northwest. The fractures vary much in width, 
generally exhibit slickensided walls, and often cairy mineral. This has been 
exploited in the occurrences known as the Last Chance lode. No. 7 lode, and No. 5 
lode. 

Last Chance lode. — This is a strong zone of fracturing movement and minerahza- 
tion which trends N. 50° E. and dips at an average angle of 60° southeast, but rises 
to 90°, and in rare cases overturns and dips steeply northwestward. On the Biitish 
tunnel level it is crosscut ahout 1,450 feet from the mouth and drifted on mainly 
westward for over 1,000 feet; on the 500-foot level it has been opened for 1,250 feet; 
on the 250 foot level (intermediate and inaccessible) for 300 feet; and on the Hooper 
level for about 725 feet. Continuous connections, now inaccessible, are reported 
to have been made on tliis vein from highest to lowest levels, and considerable 
stoping is indicated between the 250-foot and British tunnel levels. On the 
British tunnel level the vein ranges in thickness from very thin to 14 feet, and its 
walls are massive slickensided monzonite. At the west face (October 22, 1900) a 
width of 1 foot was made up of banded lead with zinc, iron, and calcite on the 
upper portion, and crushed porphyry at the base. Just west of the tunnel in No. 2 
stope the fissure has been stoped and shows a thickness of 3 to 5 feet of black gouge, 
which is reported to carry high gold values. Rolled mineralized fragments indicate 
secondary movement of postmineral date. Immediately east of the tunnel the 
vein shows a crushed and mineralized portion 14 feet wide which is underlain by 
bleached pyritized monzonite, which in turn gradually gives way below to less 
bleached and mineralized monzonite. 

No. 7 lode. — About 375 feet north of the Last Chance vein the main tunnel cuts 
the No. 7 vein. This strikes N. 40° E. and dips steeply southward. It has been 
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explored for only a short distance laterally and overhead . A face exposed in a stope 
above an east crosscut showed a mineralized zone S feet wide witii two main pay 
streaks; the upper, 2^ feet Uiick, exhibits pyrite, sphalerite, black gouge, and some 
galena arranged in bands, and the lower, 8 to 12 inches thick, shows a zone of light 
minerals lying on the foot wall. Separating these was barren or slightly mineralized 
monzonite cut by many longitudinal lissures, wliich inclose crustified pyrite, blende, 
and chalcocitc. 

No. .5 lode. — About 425 feet from the mouth the tunnel cuts No. 5 vein. This 
istrikes N. 40° E. and dips northward at an angle of 45". The face of east drift shows 
u fracture zone 4 feet thick, made up in lower two-tliirds of crushed monzonite; in 
upper third of monzonite impregnated with galena, and of a pay streak at times 
frozen to the hanging. The face of west drift shows a breccia zone 4 feet thick with 
mineral streak frozen to foot wall. 

Hooper tunnfl. — Unlike the occurrence now being exploited in British tunnel, 
the ore in the Hooper tunnel, so far as may be judged from the walls of large stopes, 
occurred as a replacement of limestone. 

Sequrncf. — The geological history appears to have been (1) Bssuring in northeast- 
southwest direction, (2) mineralization of monzonite and limestone along these 
tissures, (;i) secondary fissuring in northeast-southwest direction, (4) subsequent 
secondary mineralization along these planes, (5) Tertiarj' movement along north- 
northwest plansii. 

Ore. — The ore bodies are in the form of much flattened lenses of variable t liirk- 
ness which lie witlun zones of fractured monzonite. On the dip these are rfporicd 
to have been followed for several hundred feet. Along the strike they are inter- 
Hiitli'nt, varying in thickness up to 2\ feet and often pincliing .•suddenly. The 
replacement ores in the limestone which have afforded the larger part of the output 
from this property were oxidized. Although all the gold is not saved, milling is 
reported to have yielded very profitable results. 

The present fissure ores yield gold and sulpliidcs of lead, silver, copper, m>\\, 
and zinc. The veins are reported to differ in carry, the Last Chance vein yielding 
the highest gold values and Nos. 5 and 7 highest lead, silver, and zinc vahnw. It is 
said that in passing from monzonite into quartzite on the 500-fooL level the gold, 
silver, and lead values fell and the copper values rose. No sorting is attempted; idl 
ore mined, whicli sometimes includes the entire width of a fracture zone, is ciiiici-ii- 
irated 7 into 1. It is helieved that 4 into 1 will suffice later. Ciolil, ^^ilvcr, Icai 
and iron are saved. 
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GREELEY TUNNEL. 

This tunnel is situated on the road from Last Chance to the divide southeast 
(700 feet S., 35° E.) of Last Chance mill. It extends southward about 500 feet in 
monzonite and cuts two strong northeast fractures. That at the face of the tunnel, 
striking N. 70° E. and dipping southeast at an angle of 88°, has been opened rather 
extensively both along strike and along dip. It is a normal fissure vein in monzo- 
nite and yields lead-silver ore high in zinc. 

MOUNTAIN GEM TUNNELS. 

These workings lie next to the Greeley, about 400 feet east-northeast on the 
same road, and comprise three short tunnels driven southward. The lowest cuts 
three sills in quartzite. The middle is in siliceous Umestone, and the highest pen- 
etrates 30 feet into barren crystalline limestone under monzonite. At time of visit 
ore was being shipped from the middle tunnel, where it occurs immediately under 
the grass roots as an oxidized lead carbonate resembling loose sand. This is reported 
to yield good values. A small ens of ore appeared to be nearly exhausted, and 
owing to the fact that it Ues in a horse of limestone it could not continue to any 
great extent. 

AMERICAN TUNNEL. 

This property is situated southeast of the 500-foot and Hooper levels of Last 
Chance mine. It was not open at time of visit, but was reported to be in an intrusive 
mass. 

NAST MINE. 

Situation and development. — The Nast mine is situated in Muddy Fork, 2,500 
feet above Carr Fork, between the Last Chance on the south and the Stewart on 
the north. It is located on northeast-southwest fissure veins in intrusives, and is 
operated through two tunnels, the Nast and the Benton. These are reported to 
extend southwestward 2,600 and 1,600 feet, respectively, but at time of visit were 
accessible for only 1,200 and 950 feet, respectively. They lie entirely n igneous 
rock, so far as seen, excepting two short stretches of quartzite and two small lime- 
stone horses in the Nast. It is intricately dissected by fractures and joint planes, 
which show mineralization in varying degrees. The two fracture zones which have 
been most extensively opened on the Nast level are known as the ^ ' Nast ' ' and the 
^Terguson" veins. 

Nast vein. — The Nast vein is cut 900 feet from mouth of Nast tunnel and is 
reported to have been opened southwestward for 1 ,700 feet. It strikes southwestward 
and increases in dip from 75° NW. at intersection with the tunnel to 90° 
NW. 300 feet west of that point. In the northeastern 400 feet, which was all 
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that was ac<:es9ibte at time of visit, it consists of two adjoining zones of fracturing 
and alteration, each about 2 feet in thickness, and at one poiJit they contracted 
to a single barren zone nf breccia fi incheB in width. This vein was worked many 
years ago, and was abandoned after it had been st^jpnd out above thiH level oud 
run into zinciferous ore at the west. Present exposures show galena, pyrite, zinc 
and quartz at the core. 

Ferguson vein. — The Ferguson vein lies 15 to 20 feet northwest of the Nast 
vein, trends N. 45" E., slightly toward it to the west, and dips 45° to 60° SE. It 
is a fissure zone, ^ to 9 feet wide, of strongly brecciated monzonitc, wluch includes 
pay streaks of first-class ore from 1 to 10 inches in width. The walls show evidence 
of strong moveraent and the true wall is sometimes hidden locally behind one to 
four false walls formed of monzonite lenses which cover pockets or lenticular 
chambers in the true wall. The ore bodies are lenticular seams in the fracture 
zone, which vary in thickness locally and exhibit crustified structure. They are 
not restricted to either wall, but often cross from one to the other, fork, and some- 
times terminate on headers. The ore carries lead, gold, silver, pyrite and a little 
zinc. Assays which indicate a similarity of ore in quality and values throughout 
the mine are reported to give lead, 45 to 55 per cent, never below 45; gold, $4 tn 
$5; silver, 20 to 30 ounces, and alight copper. Shipments during the past season 
have been made up entirely of ore taken from this vein. 

Benton level. —On -the upper level a fissure vein similar to those described above 
has been explored for l,.^00 feet and stoped both above and below. It trends 
parallel to the Nast and Fei^son veins, but shows a dip ranging froui woutheu.st 
through verticality to northeast. North of this vein another has been opened 
through crosscut^s, and near the mouth of the tunnel a fracture zone inclosing two 
seams of copper ore fpjTite and chalcopyrite) has been opened. The bulk of llic 
ore from this level has been carbonate and sulphide of lead. 

Relation of i'mtw. — In view of the converging (downward) (li)>s. jkuI iilso t-im- 
verging strikes of the Nast and Ferguson veins, and nf the channtcr nf ilic wul ^ 
of the Nast vein, and the trend of the Ferguson, it appears probable that tlicsi' 
unite both in strike and in dip. The Ferguson would thus be a spur From the Niis.. 
Owing to lack of connections and to variability of dips, the relations of these veins 
with those on the Benton level are not sett ed. Certain operator.s iliiini that the 
Benton and Nast are the same, and others that the Benton and Ft'r>riisiiri iirc the 
same. 

General summary. — Copper and iron values vary together and uvr ir|irii'i('d rn 
fall off in depth and toward the north. Zinc in less common in flic Kcf;;(t^iiii iluin 
in the Nast and the underlying vein called the Bei^mann. Postmineral movcmcn 
is proved by the presence of headers which offset ore, as seen in the Ferguson stopi 



MINES IN MUDDY FORK. 281 

and face of Bergmann drift, also by presence of polished mineral on slickensided 
planes. 

In brief, the history exhibited in this property appears to be: A quartzite 
country suflFered extensive intrusion by monzonite, which was afterwards fractured 
along a series of northeast-southwest planes in a zone ranging from 3 to 14 feet in 
thickness, and the material thus brecciated was then mineralized with galena, 
pyrite, and sphalerite, in flat lenses parallel to the planes of the fissures; finally, 
those pay streaks have suflFered slight faulting on planes transverse to their strike. 

BURNING MOSCOW MINE. 

This mine is situated in the southwest slope of Muddy Fork, about 225 feet 
above the Nast mine. It was not open for study at time of visit. The following 
points were learned from leasers who are now operating the property and from 
observations on the surface: 

The workings are on a fissure vein (strike northeast-southwest, dip 40° to 50° 
SE., width of vein 2 to 7 feet) which cuts intrusives and follows the lower 
contact of limestone with monzonite. The ore is a lead carbonate in the upper 
stopes and a lead sulphide below. It is sorted into three classes: First-class 
sulphides and carbonates of lead; second-class lead sulphide, mainly from limestone; 
and composite milling ore. Iron is said to run higher in monzonite than in lime- 
stone and lead to increase in limestone. 

BOSTON CONSOLIDATED GROUP. 

Situation, — The Boston Consolidated group embraces an extensive tract on 
the eastern slope of Muddy Fork, lying east and north of the Last Chance 
properties and extending eastward across the head of Ross Fork on the main 
divide and into the monzonite area of Copper Center Gulch. 

History!^ — The Boston Consolidated Mining Company owns the following 
claims: Stewart, Stewart No. 2, Phoenix, Bulldozer, Peabody, Edison, IngersoU, 
Chicago Fire, Venus, iEtna B, the Jubilee groups, and the Copper Center group, 
making a total of 51 claims, covering 350 acres. The Stewart, surveyed for 
patent August, 1878, was prospected and gold ore was found in promising quan- 
tities in 1879. A 20-stamp mill was erected in 1882 and about 50 tons a day 
were reduced. No data are available to show total record, but the best monthly 
record was $29,800 profits. 



n The main facts embodied in the historical sketch were supplied and courteous assistance during the fleld season was ren- 
dered by Messrs. R. J. Toleman, manager, and M. M. Johnson, surveyor. For a brief statement on important recent devel- 
opments on this property see Addendum, p. 381. 
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The Stewart No. 2 reduced 25 tons a day in a lO-stainp mill. There was such a 
high loss on these siliceous gold ores that they were neglected. Developments 
showed oxidized ore changing in strike and dip to sulpiride ore carrying copper, 
gold, and silver. These were avoided at that period because no appreciable saving 
could be made by the free-milling process. Later an attempt was made to work 
the oxidized ore left in the mine by amalgamation. The saving by this process is 
said not to have exceeded 50 per cent gold, and no better results were obtained by 
cyaniding. No attempt was made to combine the two methods. These operations 
covered the period between 1879 and 1894. 

In the fall of 1894 the mill was burned, and from that time to the summer of 
1897 the property was idle. In 1897 the above consolidation was effected. Explora- 
tion has since been conducted on the Stewart gioup with a view to opening the 
sho<it8 of sulphide copper ore at a depth on its continuation on the dip from the 
oxidized surface gold ores. 

On the Copper Cent-er group extensive development has been carried on to 
determine the practicability of working the porphyry on a large scale for copper. 
Detailed sampling and thorough milling experiments have been conducted upon 
this poiphyry. The results obtained in seven mill runs on this ore, as indicated 
by averages kindly supplied by the company, are as given below: 

A total of 271,614 dry tons of crude ore was reduced to 12,197 dry Kms of 
concentrates, a ratio of 22,3 into 1. The average copper content of the ore amount- 
ing to 1.31 per cent was thus brought up to 21.7 per cent in the concentrates. Thus 
an average loss of copper in the tailings of 0,342 per cent indicates a [HTicniage 
of extraction amounting to 74 per cent. An additional gold and silver recovery 
of $0,175 per ton makes the total gold, sUver, and copper values saved per tun 
(copper at 15 cents) $3.10. Further, the table of results states that the ciiiicr'ntrates 
carried an average of 18.35 per cent iron and 26 per cent silica. The ii'inpany 
has not undertaken regular shipping. 

Development. — In addition to the exploration of the ininisivc wliicb \\nf. been 
described under Copper Center Gulch (p. 238), development has been cotiducted 
on the Stewart and the Stewart No. 2. which in turn inciudi' the .Vrm.Hirnn^', 
Phoenix, Bulldozer, Campbell, Edison, Peabody. and Ingersnll tiiiiiicls. Tiiesr 
have been driven to explore or operate ore bodies in liniet;tiiiic. The jirni is 
characterized by quartzite, and includes limestone bodies which dip wesiwiiid luid 
are cut by faults, massive dikes, or dike sills. The structure is mx inlen^^i'ly 
deformed, however, that it, as well as the relations of the tiiiieslone int'iul>er:f 
isolated by the deformation, may be understood best after a con 
several workings. The workings will be described separately. 
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IN0ER80LL MINE. 



The Ingersoll is at the head of Ross Fork, on the southern side. Its workings 
comprise a main tunnel driven westward about 850 feet, connections with an upper 
tunnel, a winze below the main tunnel, and various crosscuts. They penetrated 
quartzite and a small body of limestone which dips northward and which appears 
to constitute an isolated triangular fault block which is limited by movement planes 
trending N. 25® E., N. 25° W., N. 75° W., and is surrounded by quartzite. In its 
northern portion is a body of sulphide ore which has been oxidized above and 
which lies between a barren limestone foot wall on the south and truncating fault 
planes that converge from the northeast and northwest. Faulting occurred subse- 
quent to the intrusion of a thin sill, as well as to the period of ore deposition. The 
ore is essentially a copper-iron ore composed of pyrite, chalcopyrite, and some 
chalcocite. 



PHOENIX MINE. 



This is situated on the east slope of Muddy Fork, about 600 feet N. 70° E. from 
the Last Chance mill. A tunnel driven southeastward for about 500 feet passes 
through an intrusive for 275 feet into limestone. Raises and a winze prove the 
extent of the limestone on its northward dip. Lying within this, upon a barren 
foot wall of crystaUine limestone, is a small shoot of copper-sulphide ore. In a 
country to the northeast, characterized by complex fissuring, faulting, and crushing, 
lead and copper sulphides occur in a fractured state. A strong, vertical northeast 
fissure has been stoped up through the lead sulphide into the oxidized zone to an 
overlying body of rich lead carbonates. This body apparently formed on the 
limestone adjacent to the fissure. 



BULLDOZER TUNNEL. 



This tunnel is situated in the same slope 80 feet above the Phoenix. It extends 
somewhat over 300 feet in a nortlieasterly direction, and is there connected with 
the Phoenix by an inclined shaft. It lies in oxidized, cherty Umestone except at 
the northwest, where it passes into the hanging wall quartzite. No important 
shoot has been encountered, although most of the limestone exliibits some mineral- 
ization. Leasers are now at work endeavoring to catch the upward extension of 
the rich carbonate body from the Phoenix. 



STEWART BHNE. 



The east slope of Muddy Fork, just north of the Phoenix, is gashed by a gaping 
fissure and a large open cut below. It lies in an isolated body of crj'^stalline lime- 
stone which was so thoroughly worked out that it caved in and led to the present 
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topography. The old Stewart workinga in tlic limestone were driven in the late 
seventies and early eighties to exploit a hody of oxidized ore. 

■'This body appeared to lie between quartzite waUs (strongly stained with 
iron oxide near the ore) with a dip northwest 30". Its size was unknown. Develop- 
ments showed its greatest dimensions to be from 50 to 200 feet wide, 300 feet deep, 
and 400 feet long. The ore is a very porous quartzite with bodies of fine quartz 
crystals. The whole mass is permeated by clay and Is strongly stained by oxide 
of iron, which gives it a brownish-red color. About three-quarters of the ore is soft 
and fine, being only held in place near the drifts by the clay contained in it. Ot-ca- 
sionally there are seams of silky talcose clay, from a half inch to 3 inches wide. 
This generally assayed from S50 to $100 in gold. ... In one spot watei is 
found, with some galena, pyrites, and blende ore: but the dry workings extend 
below this. The mine was developed by several tunnels from which many drifts, 
crosscuts, and winzes have been driven in exploring the body."" 

The occurrence of sulphide ore, which Mr. Huntley states was found at one point , 
wa.s at that time considered an unfavorable indication and was concealed. Since 
the slopes on the oxidized gold ores and silicilied limestone caved in these same 
neglected sulphide ores have been the object of a large amount of expensive tunnel- 
ing. Thus many tunnels, including the Armstrong, Campbell, Edison, Peabody, 
and Pitt have been driven into the slope below with a view to diseovering the down- 
ward e.xtension of the reported body of oxidized gold ore. At the time of visit. 
however, the extensive exploration had not resulted in the dtscoverj' of any con- 
siderable thickness of limestone, nor large shoots of sulphide ore, as may be seen finni 
the brief descriptions which follow. 

Edison tunjiel. — The Edison tunnel is driven south-eastward from a point 
about 100 feet above the road and just below the open cut. Entering in quartzite. 
it cuts through about 60 feet of cherty Hmestonc, dipping northwest al an angle of 
53°, and continues in the quartzite foot wall. A strong northeast fissure near the 
foot-wall contact has been followed to the surface. The limestone thus cut ami 
explored m crosscuts showed at one locality immediately below the great o]h'1i 
cut sulphide ore at the base and oxidized ore above, but no heavy ore Ixidy, 

Peabody tunnel. — -Tliis tunnel extends from a point just north of the Edit^nTi. 
at a slightly lower level, in a southeast du-ection for over SOO feet. It is in 
quartzite except at two places. At one of these it cuts a calcareous quartzite, al 
the other a small thickness of barren limestone. Mineralization is in the form oC 
pyrite, which fills numerous northeast-southwest fissures. 

oHuutlajF, D. B., Tratta Chuui, vol. 13, p. 417 
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Campbell tunnel, — The Campbell tunnel is located below the Edison, at the road 
level, and extends southwestward about 1,100 feet, with several short crosscuts and 
an inclined winze down to the Armstrong tunnel. At a distance of 500 feet from its 
mouth the tunnel cuts a thin limestone dipping steeply northward. The inner 175 
feet of the tunnel are in poiphyr}' . The rest is in quartzite, which dips northward. 
This composite country rock is cut by northeast fissures which carry some mineral, 
and from a fissure which extends along the porphyry-quartzite contact some black 
copper sulphide has been mined. 

Armstrong tunnel. — The Armstrong is the lowest and most northern of these 
tunnels and lies at the road level about 450 feet north of the Campbell and 400 feet 
north-northwest of the Edison. It extends directly southwestward for over 1,200 
feet and has several laterals and an inclined raise up to the Campbell. 

The quartzite country rock has been cut in the outer half of the tunnel by a 
dike 30 to 40 feet thick, by a second and narrower dike, and by a sill 4 feet thick, while 
the inner 300 feet is in a dike which trends nearly east and west and inclines steeply 
northward under quartzite. About 475 feet from the mouth the tunnel cuts a bed 
of limestone which is about 30 feet thick, strikes N. 80° W. and dips 40° to 60° N. 
Drifts and crosscuts prove this to be faulted on both east and west. In the eastern 
fault the east side has been dropped for a few feet; in the western the nature of 
faulting is unproved. In the east drift pyrite is seen to have made up through the 
fissures in the foot, and filled seams and pockets in the quartzite, just beneath the 
limestone, with crystalline masses. The foot-wall contact is well pyritized wherever 
exposed; especially along the western fault plane. Pyrite also fills many northeast 
fissures in the intrusives and in quartzite alike, but no ore body of economic import- 
ance has been discovered. 

COTTONWOOD GULCH. 

The area of Cottonwood Gulch embraces a transition zone from the region south 
to that north. The southern area is characterized by a few massive limestones inter- 
calated in quartzite and cut by irregular intrusive bodies. The northern area is 
characterized by a great thickness of quartzites — which include thin, blue lime- 
stones; gray, argillaceous limestones or calcareous sandstones; and calcareous 
quartzites — and by the absence of tliick, massive limestones and intrusives. 

The beds are the western extension of those overlying the Bingham laccolith. 
They strike nearly due west and dip northward at angles ranging from 30° to 75°. 
They are cut by several strong fissures trending N. 40° to 60° W. and by a few trend- 
ing north-south and northeast-southwest. 

The lithological transition noted above is accompanied by an accordant change 
in the ore occurrence. It is still true tliat the ore bodies occur along fissures in 



quartzite or adjacent to them on limpstones; hut in tlip absence of tliick. masaive 
limestones large replacement bodies are not found and fissure ores increase in relative 
importance. 

The properties will be considered in the foCowinf; order: Petro, Venice, Sus- 
quehanna No. 2, May Queen, Coromandel, Chandler, and Jersey Blue. 

PETRO MINE. 

Situation.- — The Petro mine is situated near the head of Cottonwood Gulch, at 
the end of the carriage road. It is located on a northeast bedded vein at its inter- 
sectioQ with a strong northwest-sou tlieuat fracture and fault zone. 

Dti^elopment. — Exploitation is conducted through a tunnel driven southward 
from Cottonwood Gulch to the ' ' bedded vein. ' ' From there a drift extends north- 
westward on the ' ' vein, ' ' and this is connected by inclined shafts with upper drifts 
al four levels. 

Geo}offy.—T\ie countiy rock is normal quartzite wliich incloses calcareous 
members. One of these is at certain points a mottled crystalline limestone. The 
strike averages about N. 60° W. and the dip northward at angles ranging from 
30° to 40°. 

DeJornuUion. — Planes of movement cut the country rock approximately coin- 
cident with the bedding. One of these, in association with the mottled hmestone, 
constitutes the "'bedded vein." This is probably the same as the \'ork "bedded 
vein" and may be traced from its outcrop in Carr Fork down the Petro incline un 
a north-northeast dip of 30° to 40° to the level at which Petro tunnel strikes it fnun 
Cottonwood Canyon. At that point it is a bed of gray, calcareous gouge, t to 4 fi'ct 
in tliickness, which lies between slickensided quartzite walls and either incloses or 
overlies a calcareous member. This calcareous member varies from white, cftlcure- 
oua quartzite to a gray, impure limestone and a mottled, crystalline limestone. 
Strong fissures trending N. 50° to 60° W. and dipping steeply southwest and minor 
shp planes trending northerly cut this "bedded vein." Faulting has taken place 
on all tliese later aeries. In the former it is strongest and exhibits maximum variu- 
tion; in the latter, 2 feet of downthrow to the west is most counnon, thougli a Ii'-foot 
upthrow to the west may be seen in No. 3 incline. 

The most important deformation in this mine has taken place nlnufr n siimig 
northwest fissure, which ia shown, on levels Nos. 2, 3, ami 4 niul in Pi'iju 
incline, to fault the "bedded vein." In general the displacement iilnny; lhi~ (':inlt 
has been differential; that is, the movements on either side of the fiiiill ha\f unL 
been equal at aU points on that side, but the movement on each si 
plane has been reversed — that is, it has extended in opposite directi 
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the pivotal point. Thus, at the pivotal point, on No. 2 level, between raises 1 and 
2 there is no offset; northwestward the southwest side is depressed relative to 
northwest side 2, 4, 6, and, finally, 20 feet; south westward the same side (southwest) 
is elevated 4 feet and the elevation increases to 12 at next connection, and then 
decreases to 4 feet or less. The main movement is obscured at certain points by 
that of wedge-shaped fault blocks in the fault zone, as at the head of No. 3 raise. 

Ore. — The ore occurs either on the *' bedded vein'^ bordering the fissure or in 
the fissure. It made from the fissure out into the bed in the form of a half lens. 
The section of the body as shown on the fissure is an ellipse 4 to 6 feet high and 
elongated along the fissure. The body thins rapidly in a direction transverse to 
the fissure, and it appears to have made largely, if not solely, upon the upthrown side 
of the fault and to cross the fissure at the pivotal point where the upthrow reverses. 
One exception to this usual habit was seen, however, for in the trough formed by the 
down-faulting of the *^ bedded vein,^' under the main incline, an extensive lens of 
ore made in the downthrown end of the bed. The position of the ore bodies in the 
bed shows them to have originated by replacement, for where marble appeared, 
or especially calcareous quartzite or gouge, ore occurs, but where the bed becomes 
siUceous or the quartzite walls are closed with only slightly calcareous gouge, the 
* ' bedded vein ' ^ is barren. 

Character of ore. — The main content of the ore is lead, with some gold-silver 
values. No copper is saved. Zinc is rarely found. 

Summary of geological history. — The sequence of events appears to have been: 
(1) Slipping on bedding and formation of '' bedded vein;^' (2) northwest-southeast 
fissuring; (3) mineralization; (4) secondary movement on northwest fissures; (5) 
secondary (?) mineraUzation. 

VENICE TUNNELS. 

The Venice tunnels are situated on a trail from the York and Petro road in 
Carr Fork at the extreme head of Cottonwood Gulch at the crest of the main divide. 
The country rock is made up of quartzites and of gray, impure, argillaceous lime- 
stone. It strikes N. 70° W. and dips 20° northerly. 

The upper tunnel follows the contact between the impure Umestone foot wall 
and the quartzite hanging wall northwestward for 150 feet. Small, lenticular 
seams of lead ore occur on the contact. About 20 feet below, a tunnel follows a 
contact of the same character, apparently the same one, to the north-northwe>st 
for over 300 feet. Two inclines have been sunk on the vein. The Umestone is a 
thin bed between quartzites and carries seams of galena. 




SUSQUEHANNA NO. a TUNNEL. 

This tunnel lies somewhat over 100 feet below the Venice tunnels. It extends 
nearly due west about 301) feet through crushed quartziti* and lilark, sUireoiis 
limeatoDG into rjiiartzitf*. No mineral is shown. 

MAY QUEEN INCLINE. 

Northeast ot these tunnels, on the north slope of the head of Cottonwood 
Gulch and north of the Petro, are many workings, including shafts, inclines, and 
tunnels. These have been driven for the most part on fissures which cut gray, 
calcareous sandstones and quartzites. The May Queen, 800 feet north ot the 
Petro, is perhaps the best known of these prospects. ^_ 

COROMANDEL TUNNEL. ^ 

The Coromandel tunnel enters the southern slope of main Cottonwood Gulch 
TiOO feet N. 62° E. of the Petro tunnel. It is the extension of the Phoenix mine 
from Ciirr Fork to Cottonwood Gulch and is treated under lliat property (p. 274.1 

CHANDLEll TUNNEL. 

This tunnel lies in the south slope of Cottonwood Gulch, about 1 ,600 feet ubovp 
its junction with Carr Fork. It extends southerly over .500 feet on a series of strong 
fissures in quaPtzite. No mineral was observed at tijno of visit. 

JERSEY BLUE MINE. I 

This property is situated in Cottonwood Gidch next southeast of the ('Imndler, 
between it and Carr Fork. It follows a strong vertical fissure N. 20° K. over S-iO 
teet through quartzite and a calcareous bed. Mineralized ci-oss (issuics. wliich 
trend east and west^ have been opened by short drifts. The walls of both luain 
and lateral fissures show lenticular bodies of ferruginous copper suljihides, but no 
lead was visible. The calcareous meml>er, judging from stopes, appears to huve 
been the seat of the major part of the mineralization. Mineral waters arc heavily 
colored by copper. In 1880 this property was reported to be actively worked on 
a vein, varying form 20 inches to 5 feet in width, which carried ore assaying 00 ounces 
silver, 40 per cent lead, and was credited with a total output valued at SI6,()I10. 
The property was not worked at lime of visit, and the upper luTincl. a|ipiiJ'i'iii!y 
driven on the fissure and connected with the working tunnel !)eUiw, was iijM'd, 
DIXON GULCH. 

Dixon Gulch lies along the strike of a series of quartzites and intercalated. tri'ti\ . 
calcareous sandstones. The beds strike nearly east-west aTid dip noi-thvnid. 
They are much brecciated, particularly on the spur to the north and west. Tl' 
gray sandstones carry a sparse fauna. 
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U-AND-I MINE. 

This property is situated at the head of Dixon Gulch, on a northeast fissure 
which cuts quartzite and an interbedded black, calcareous sandstone. It is operated 
through a tunnel which enters north of the gulch, passes southward under it, and 
is connected with workings about 75 feet above by an inclined raise and stopes. 
A third tunnel is being driven about 400 feet nearer the mouth of the gulch, with a 
view, it is reported, to tapping the vein at a greater depth. 

The contact of the black calcareous shale with the quartzite is a plane of 
movement which is not mineralized, so far as seen. It is faulted on a vertical 
fissure trending N. 20° E., and the offset on the lower level is 40 to 50 feet north 
on the east side. Postmineral movement occurred on the main fissure. 

The fault fissure has been opened about 150 feet on the upper level, over 500 
feet on the lower, and also between these two levels. It carries pyrite, galena, and 
some chalcocite. Stopes between the two levels indicate the removal of con- 
siderable ore. 

MARKHAM GULCH. 

Markham Gulch traverses a great series of quartzites and interbedded calca- 
reous sandstones in an east-west direction and exposes them in typical develop- 
ment. Varieties of (juartzite at the head of the gulch vary from the massive brown 
facies to gray and pink types, and some exhibit banded structure. Brown sand- 
stones, gray, calcareous sandstones, and siliceous, muddy limestones increase to 
the eastward* and downward in the series, both in number and in thickness. The 
calcareous members on the main divide are few, but at the mouth of the gulch, 
as may be seen on its south wall in the neighborhood of the Erie, they have increased 
until they are about equal to the quartzites. The strike changes from nearly due 
east-west on the main divide to a northeast-southwest direction near the mouth 
and the dip, as it swings from a gentle 'northward one below the Montezuma to a 
westward one near the mouth, exhibits many minor undulations. It is this heavy 
series of quartzites and impure limestones that, swinging northeastward across 
Markham and Freeman gulches, form the precipitous bluffs northwest of the 
canyon over Bingliam village. 

The ore bodies in tliis region occur mainly in connection with fissures. These 
fissures either coincide roughly with the bedding or stand nearly vertical and cut 
the bedding at oblique angles. The ore makes in irregular shoots on the fissures, 
in swollen protuberances from the fissures into the calcareous beds, or as indefinitely 
limited and sparsely mineralized beds in the impure limestones. Thus, in the 
absence of tliick limestones and in the presence of quartzites, fissure bodies pre- 
dominate. The properties of this region will be treated in the following order: 
Montezuma, Rosa, Sweden, Harrison, Hoogley, Alforata, Vespasian, Mary Emma, 
Liberal, Ben Butler, Erie, Navajo, Amazon, Julia Dean, and Red Wing group 

10556— No. 3»— 05 19 
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HOKTKXl'MA MINE. 

Slttinlion. — Tlu' Mi>iitt>zuma mine is xituatMl in thp north slope or M&rkham 
Gulch, about 3,300 fuel west, of Binglmm Canyon. It is on a northcast-soulhwost 
fi.ssure which coincidos locally with the contact of quartzite and overlying impure 
limestune. 

Z)ciWopnt«n(. ^Exploitation has proceeded by means of a tunnel which extends 
northeastward for over 700 feet by upraisoi^ (one of which extends to the surface) 
connected n-ith upper levek and by incline below the main level. At present 
development is being directed to following the vein downward, and two lower 
drifts, with intermediate slopes, are operated by means of a shaft 104 feet in depth. 

Gfology. — The country rock varies from true quartzite to calcareous quartzite 
and black, arenaceous limestone; outcrops show the impure limestone or calcareous 
quartzites alternating with quartzites. These dip to the north-northwest at angles 
ranging from 20° to 45°, and strike northeastward, apparently on the eastern limb 
of a gentle auticlinal fold. 

Deformation. — Fracturing, crushing, and fis.siiriug occurred extensively. Tbe 
chief fracture zone, the locus of the ore, is roughly, hut not exactly, coincident 
with the bedding. In places it seems to be steeper than the apparent bedding, 
and is analogous to the strike fissures described in the Highland Boy. On tlie upper 
levels it trends N. 20° E., and dips northwestward at angles ranging from 43° to 
47°; on the main tunnel level it trends N. 30° and dips to tbe northwest al an angle 
of 50°, while on the lowest level it trends N. 10° E. and dips to the northwest at 
an angle of 85°. It is a zone of fracture accompanied by other strong parallel 
planes and bifurcates at the northeast. Fissures of other important series tn-nil 
N. 50° to 75° W. and N. 60°. 

Orf.— The ore occurs on a fissure between quartzite and ralcareou.'s carbona- 
ceous shale or locally in the quartzite foot wall. The bodies lie in two purallel 
shoots which dip northwestward at angles ranging from 45° to S5° and pitcli ■ioutli- 
westward at an angle of about 15°. On the lower levels they are typical lissurc 
bodies in the form of tabular streaks which lie within and parallel with the zone 
of fracturing; on the upper levels at the north they occur us four pockets of ore hi 
the quartzite foot wall. The lai^est single body, as indicated by "lead .■itope," made 
on a strong northea.st fissure under a fault-rimmed mass of black, -nndy, calca- 
reous shale, and is limited laterally by slip planes. On the upper li-vcls, » lictc the 
dip of the fi.ssiire nndutat&s. ore-bearing solutions appear to have pn I'l riiil the 
benches formed by decreased dips. 

The shoots are interrupted by small faults. Thus, on the hi>Hiini Icm'I the 
pay streak is offset 5 feet to the west along a plane trending N. (i5° ' 
higher level it is olTset 20 feet to the east alting a plane trending N ", 
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the next higher level it is offset 4 feet in the same manner and apparently by the 
same plane. The southern shoot has been worked continuously from the lead stope 
to the lowest level, except for a distance of 8 feet. 

The ore is made up of galena, carrying silver and pyrite. Its value is reported 
to average as follows: Lead, 30 to 50 per cent; silver, 32 to 50 ounces; gold, $3 
to $4. The property has put out about $80,000, and is sliipping regularly. 

Sequence of events, — (1) Northeast-southwest Assuring; (2) mineralization of 
these planes; (3) faulting along east-northeast; west-southwest planes; (4) possible 
secondary mineralization on these planes; (5) Tertiary movement on main fissures 
and faulting on the northwest planes. 

ROSA TUNNEL. 

This tunnel lies at the head of Markham Gulch, just below the crest of the 
main divide. It extends southward about 1,000 feet through quartzite which dips 
northward at an angle of 42°. It is on a strong fracture zone which dips westward 
. at angles ranging from 42° to 46°. It carries an ocherous gouge, red-brown, gray, 
and black in color, from one-eighth of an inch to 12 inches in thickness. Some brown 
carbonate of lead occurs in the fissure. 

SWEDEN TUNNELS. 

These tunnels are situated 200 feet below and 600 feet northeast of the Rosa, 
The upper tunnel has been driven on a strong fracture zone in quartzite which trends 
on the surface N. 8° W., underground N. 20° W., and dips southwestward at angles 
ranging from 80° to 90°. Red staining, but no metal, showed on the fissure. Total 
length about 250 feet. A lower tunnel driven southwestward about 250 feet cuts 
quartzite, a thin, gray, arenaceous limestone, and a northeast-southwest slip plane 
which bears gouge but no mineral. 

HARRISON TUNNEL. 

This tunnel is situated 1,600 feet S. 37° E. of the Sweden tunnels. It is in 
quartzite, except a thin bed of black shale. A north-south fracture zone cuts the 
quartzite at the face. Total length, 200 feet. 

HOOGLEY MINE. 

Situation, — The Hoogley property is situated at the head of Markham Gulch 
on two spurs south of the western terminus of the main road. The Hoogley fissure 
cuts quartzite in a northwest direction and dips to the southwest. 

Development, — On this property it has been opened for more than 1,000 feet 
along its trend and over 150 feet on the dip, and beyond the limits of this property 
in both directions. The Hoogley ^ 'discovery " shows a mineralized fissure an inch 
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tliick in qusrtzite dipping southwest at angles ranging from 58° to 60° and strik- 
ing N. 41° W. It has been sloped to a tuniioi 60 to 100 feet helow. The main 
development, however, has been In the next spur mirth and comprises a central 
incline sunk on the fissure with the drifts northwest and southeast at six levels 
and considerable intermediate stoping. 

Geohffy.—The country roek is quartzite; beilding is not apparent. The chief 
fissure, the locus of the ore, trends N. 40" W. It varies much in dip, rising on the 
upper levels from 58° to 60° to the southwest and falling by distinct stages to 30° at 
bottom below No. 4 level. It varies also in widtli, attaining its maximum (about 
8 inches) on the upper levels, euiitracliiig to the southeast and in depth until it 
appears to die out at the foot of the main ineline. Faults trending N. 70° E. and 
N. 70° W. displace the vein. The former lower it 4 feel on the southeast, and the 
latter .'J to 4 feet on the northwest. 

Orf. — The vaines occur in an ocheivus, earthy vein filling, which varies in thick- 
ness along the fissure to form rough shoots. This is said to be richest when associated 
with a black, banded gouge. It carries mainly lead and silver with a low percentage 
of gold. Assays showed striking variations in values in dilferent portions of the 
workings; thus, the widest portions of the vein on No. 2 level northwest are reported 
to have carried 625 ounces .silver, and, similarly, the same level southeast to have 
afiorded the highest gold values. 

ALKOBATA MINK. 

The Alforata workings ai'e located in the next spur northwest of tlie ilnnt.'lr\ 
and apparently on the .same lissure. This is opened about 200 feet noriljs\<'>i m, 
the tunnel level slightly above it and over 50 feet below it. The fissure slrikiv- 
N. 50° W. and dips soutliwestward at angles ranging from 50° to 60°. In its upper 
portion it is a fracture zone 1 lo 2 feet hi width in quartzite; below, the en.-^tein 
incline cuts numerous fissures until at a depth of about 60 feet it encounlei--^ it 
vein which strikes N. 75° W. and dips northeastward at an angle of 60°. It is l' lu 
4 feet wide and has been traced down tor 40 feet under the iniiin iTicline, ll 
shows a soft, ocherous gouge under ft gray-hrown, calcareous Mirnlsi one Imnging wall, 
and probably carries some lead in the form of carbonate. 

VKSI'ASIAS MINK. 

The Vespasian is situated north of the ntad at the head of Markliani (iulcli. Ii 
ha.s been developed through (I) a tunnel extending northerly aboul ."),")(] lect uml lr\ 
inclines sunk and resting on the westward dipping mineralized horizon: IJ) ii lower 
crosscut tunnel; and (3) a short, caved upper tunnel. The country mck 'i- <\\\i\vi- 
zite and a variable calcareous member. This is a crushed black ? 
siliceous limestone, wliieh appears to pass rapidly into true quart/. 
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strike and dip. A few slight faults show an upward throw on the north side. This 
impure calcareous shale has been mineralized with galena and sphalerite, and the 
resultant bed of ore ranges in thickness from a few inches to 4 feet. The values in 
lead and silver are so low and the percentage of zinc so high — often 32 per cent — 
that exploitation of the ore for lead and silver is not at present practicable. 

The crosscut tunnel extends westward for 600 feet from a point below the 
Hoogley and Alforata to 650 feet north of the Hoogley. The tunnel was driven to 
open the intersection of the Hoogley fissure with the Vespasian limestone. .It is in 
quartzite and crosses many northeast-southwest fracture planes, but it has not yet 
reached the intersection nor revealed ore. 

MARY EMMA TUNNEL. 

This tunnel is situated on the north side of the main road about 500 feet east 
of the Vespasian. It extends in a northeast direction for a total length of about 
300 feet. The country rock consists of a gray, impure limestone hanging wall and 
a quartzite foot wall. So far as opened the contact has proved bairen. 

LIBERAL MINE. 

This property is situated immediately south of the Montezuma, the upper 
tunnel lying opposite to that property and the lower tunnel about 200 feet east of 
the upper. 

Upper tunnel. — This tunnel extends southward along a zone of pronounced 
fracturing in quartzite for about 250 feet. The main fissure trends in general 
north-south dips to the west and weakens in depth. Anastomosing northeast- 
southwest fracture planes of apparently contemporaneous date dip steeply to the 
east. 

The ore occurs in the fissure in the form of seams and lenticular bodies. The 
best exposed body was a lens of galena, 6 feet in thickness, which stood upright in 
the fissure about 30 feet below the tunnel level. A small lens (8 by 15 by 5) com- 
posed of pyrite, galena, and some chalcopyrite has been stoped out of the south- 
west fork above the main tunnel level. 

Lower tunnel, — This tunnel extends westward nearly 400 feet tlirough quartzite 
into black calcareous shale, and a drift about 300 feet long follows a distinct fissure 
trending S. 15° W. through an intensely crushed quarlzite country rock. In view 
of the trend and strength of the fracture zone the absence of a more favorable show- 
ing of mineral is somewhat surprising; pyrite occurs and at one spot galena in thin 
seams in quartzite. 



294 GEOLOGY OF BUfGHAM MINING DI8TBI0T, UTAH. 

BEN BUTLER MINE.^ 

The Ben Butler tunnel is situated south of the road in Markham Gulch about 
200 feet east of the Liberal. It trends southeastward about 950 feet through normal 
quartzite, interbedded calcareous quartzites, and black calcareous shale. These 
are intensely crushed and fissured, and the bedding is not determinable. Slip planes 
bearing black gouge vary in trend from N. 15*^ W. to N. 65° W. At one point a 
black, calcareous member is irregularly faulted, in which brecciated quartzite and 
a number of contacts of that rock with quartzite show strong movement. Galena 
occurs in a number of seams in crushed quartzite, bordering fissures, chiefly in a strong 
fissure 3 feet in width trending N. 50° to 65° W. and dipping southwesterly. The 
pay streaks here attain a thickness of 1 to 2 inches. Assays show that the galena 
carries silver. It is reported that since the time of visit a valuable body of argentif- 
erous galena has been opened and that profitable shipments are being made regularly. 

The Ben Butler No. 2 tunnel is between 400 and 500 feet south of the Ben 
Butler. It extends southward about 275 feet on slip planes in qxiartzite and 
impure limestone. Some black gouge on a plane of strong movement is reported 
to pass above into a lead carbonate, which was formerly shipped. 

ERIE MINE. 

Situation and development, — The Erie mine is in the south side of Markbain 
Gulch, about halfway between Bingham Canyon and the Montezuma mine, Tliroe 
tunnels — upper, middle, and lower — have been driven southwestward on a strong 
fissure for 100, 80, and 275 feet, respectively. 

Geology. — The fissure stands about vertical, strikes N. 20° E. to S. 20° W., and 
cuts a succession of quartzite and interbedded calcareous carbonaceous sbales 
wbicli dip gently to the southwest. It varies much in width, from a foot in tbe 
middle tunnel and 6 inches at one point in the upper to 12 feot at another, within 
100 feet. The dip of the walls also varies considerably. Tbe walls are uneven 
and show much inequality. 

Ore. — The ore occurs either in the fissure, as seen on all levels, or in tbe 
impure, calcareous carbonaceous shale adjacent to the fissure, as seen nc^ar tbe face 
of tbe upper tunnel. The vein at that point expands on reaebin<^ tbe bniestone 
from a width of 6 inches to 3 feet between the quartzite walls to 12 fec^t on tbe lime- 
stone. The main ore body, which is 4 feet thick and extends at least 20 feet alonii; tlie 
fissure, is limited laterally, so far as revealed by development at time of visit, hv 
distinct slip planes. That this body is a fissure filled by replacement is suirirested 
by tbe fact that tbe ore retains the structure of the limestone. Postmincral 

<' For recent development and consolidation of this proi>erty see .\«M<ii(luiii. 
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faulting is indicated by a few faults which bands of ore have suffered within 
the main fissure. 

The ore is made up of galena, pyrite, sphalerite, and possibly sUght chalcopyrite 
and chalcocite. Pay would appear to lie in the lead and its associated silver. 

NAVAJO TUNNELS. 

This property lies on the south side of Markham Gulch, 1,100 feet west of its 
jimction with Bingham Canyon. 

The lower tunnel follows a fracture zone in quartzite southward for about 325 
feet. A crosscut extends nearly 250 feet into the hanging-wall quartzite. The 
main ore found was a small lens lying in the fissure, which is said to have yielded 
20 per cent lead and $3 to $4 in gold. The middle tunnel is about 100 feet south 
of the lower. It follows a contact between an impure limestone hanging wall and 
the quartzite foot wall southwestward about 50 feet and passes into the hanging 
toward the face. The beds strike S. 70*^ W. and dip southwestward at an angle 
of 12^. Traces of pyrite are found in the impure limestone at the face, and a 
thin pocket of lead ore has been worked out between this level and the tunnel 20 
feet above. 

AMAZON TUNNEL. 

The Amazon tunnel Hes in the south side of Markham Gulch, about 1,000 feet 
west of Bingham Canyon. It is located on a fissure which strikes N. 18*^ E. and dips 
45° W. The walls are quartzite. In the portion observed the relation of the 
fissure to the bedding is not apparent. It is probable, however, that they are nearly, 
if not perfectly, coincident. The total length is reported to be 800 feet, but only 
350 feet were accessible. The fissure is stoped at one point 30 feet on dip, 20 feet 
along fissure, and 45 feet vertically. Pyrite and possibly some chalcocite occur 
sparingly. 

JULIA DEAN MINE. 

Situation and development. — The Julia Dean mine is situated on the north side 
of Markham Gulch, 900 feet west of Bingham Creek. It is located on a movement 
plane in quartzite which trends northerly and southerly and dips westerly. This 
is developed through a main tunnel about 500 feet in length and by two upper levels, 
all on vein and connected from the main tunnel to the surface by inclines. 

Geology —TYve country rock throughout the property is quartzite. After 
penetrating this for about 350 feet the main tunnel encounters a zone of intense 
fracturing. This has been opened to the southwest (S. 20° W.), but is there aban- 
doned and present exploitation is directed to opening the vein on this level to the 
northwest. The trend varies, however. On tunnel level at the north face it is 
N. 20° to 30° W., nearer the entrance it is N. 5° W., and at surface it appears to 
be N. 25° E. The dip steepens toward the surface from 45° at lowest level to 58° 



on intermediate Ipvel. The width increases in depth and on the upper levels 
decreases toward the north. The relation and connection on the main level of the 
soiitliwest and northwest portions of the fissure were not apparent. On ttie inter- 
mediate level the vein was offset or deformed upward on the north 30 feet. The 
vein filling has suffered slight faulting. 

Occurrf-nce oj ore. — The ore occurs in the form of a tahular hody witliin the 
fissure parallel to the walls between the quartzite hanging wall and a thick bed ol 
banded, gray-black gouge which overlies a crushed quartzit^ foot wall. At the 
face of work tunnel the pay streak was 1 to 9 inches thick. The vein is open to 
the surface and has been sloped out at intermediate levels. 

Composilian ami value of ore. — The ore consists of galena, associated silver, 
some pyrite, slight chalcopyrite. and chalcocite. The composition of the ore appears 
to have varied at different levels. Thus it is reported that near the surface lead 
ore carried fair copper values. Below work level silver is the chief associate of 
lead, while an SO-foot shaft sunk near the Julia Dean ' 'discovery' ' is said to have 
penetrated a lai^e, rich ore body, in wliich black copper sulphide predominated 
and lead ran low. The present strong streak at the face of main tunnel is said to 
average 50 to 52 per cent lead, 100 ounces silver, $3 in gold, and a trace of copper. 
Total shipment is reported to be about $70,000. 

RED wiNa OROirp, 

Oertfral .—The Red Wing property is situated on the northern slope of Maik- 
ham Gulch, just above Bingham Canyon. It is located on a number uf unrilicasi- 
southwest veins. The main work has been done on the lowest or Red Wiuir vein, 
which has been worked through tunnels Nos. 1, 2, and 3, and on the lii^jhi.sl i>v 
Silver Hill vein, which haa been worked through the three Black Dni; luiiiuls. 
The alternating series of quartzite, arenaceous, impure limestone, and dark, silicfdiis 
limestones strike northeast across the gulch and the Red Wing property. 



Deveh)pmenl. — The Red Wing mine proper comprises wcirkings nl. .'i levels 
an upper tunnel (length 125 feet), a crosscut tunnel at road level (length 42') feet 
and the main tunnel about 125 feet above the road (length 700 feet). The niiii 
tunnel extends in a general northeast course through quartzite und imiiine linn-^loii 
This countrj' rock dips northwestward and is cut by several pronniiTniil sliji jiIhth 
and many minor ones. The two most important trends are N. L*."i ' lo :in Iv ^iii 
N. 40° to 50° E. 

Ore.— Ore has been found in pay quantities and value at three loi'iililics. 
fissure (trending northeast in quartzite and dipping steeply northwesiwnrd) 
said to have carried a fair copper ore. This has been stoped more tli;;ii lOO Ici 
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along the fissure and followed up to bodies stoped from it in the upper tunnel, but 
its connections with seams in the lower tunnel are not proved. • On another north- 
east fissure galena formed a body 100 feet along strike of fissure and 20 to 30 feet 
on dip. It was Umited on the south by a strong movement plane, which has been 
followed thence southwest between quartzite and impure limestone and found 
barren. Parallel slips have resulted in stepping the walls of the stope, which is 
further limited on the east by other slips. East of this body a considerable thick- 
ness of intensely slickensided, black, calcareous shale or arenaceous limestone lies 
between a quartzite hanging wall and a distinct movement plane on massive rock 
of the same character. Innumerable narrow veins, one-eighth to one-fourth inch 
in thickness, penetrate this zone in an intruded and complex manner and carry 
galena, pyrite, and quartz. Their content has been saved by milling. For this 
purpose the entire gangue between the walls to a thickness of 20 feet was removed. 
This procedure was carried out with profit until the number and carry of the small 
veins became considerably decreased. 

Lower tunnel, — The crosscut tunnel which has been driven for the purpose of 
cutting this property at a depth had not at time of visit opened any pay bodies. 
The country quartzite becomes locally a gray, calcareous sandstone, and is traversed 
by numerous barren northeast breccia zones. A north drift opens a strong 
brecciated zone between the quartzite hanging and calcareous foot wall. 

THREE BLACK DOO TUNNELS. 

Development and geology. — The Silver Hill vein has been opened through three 
tunnels and found to vary much in trend and general character. In the eastern 
workings it strikes N. 40° W. and dips 25° to 35° SW. The roof varies between 
soil and grass roots, slickensided, brown, calcareous quartzite, and crushed, dark, 
impure limestone. The foot wall is a ferruginous, siliceous limestone, which passes 
a foot below into normal quartzite. The western extension of the vein, where cut 
at this level, also diverges from the strike and dip and gradually swings around to 
the north to a strike of N. 70° E. It is cut below in a work tunnel. 

Ore. — The ore shows a transition from carbonate to sulphide ore when followed 
in deeper and deeper beneath the surface. Thus, in the eastern tunnel, where it 
lies immediately under the surface, its thickness of one-half to 3^ feet is composed 
at one point of: (1) One foot brown, ochreous material: (2) 10 inches white, crushed 
quartzite, including lenses of galena; (3) 6 inches ferruginous carbonate ore; (4) 
4 inches banded ore carrying lead; (5) few inches earthy material inclosing 2-inch 
cores of sulphide lead ore and lying upon the barren foot. 

Gold occurs locally in ferruginoxis nodules and quartzite is stained by copper 
carbonate. In the next tunnel we&t the ore passes from carbonate near the surface 
gradually into sulphide. Thin seams of galena appear at first in the oxidized 
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portion, then increase westward until alternate bands of sulphide and carbonate ore 
are of about equal proportions and then give way to a normal sulphide ore made up 
of galena and pyrite. Leasers who have been shipping carbonate ore during the 
paat season report the following value-s: I^ad, 28 per cent; silver, 19 ounces; gold, 
95 cents; aggregate vaJue per ton, $22.57. 

FREEMAN GULCH. 

The alternating series of sandy limestones and quartzite dsBcribed as occurrinj; 
in Markham Gulch strikes across the mouth and lower portion of Freeman Gulch 
and continues as ledgy bluffs on north side of Bingham Canyon. Toward the 
northwest the calcareous members decrease in number and thickness and quartz- 
ite increases. Certain more calcareous beds and fissures, which trend north- 
easterly through this series, fonu the seat for the slight exploration which has been 
conducted in this gulch. The Red Wing extension, of the former class, and Kansas 
No. 2, of the latter, will be described, 

RED WINO EXTENSION MINE. 

The Red Wing Extension mine comprises three tumicis driven into the slopes 
of Freeman Gulch-— two on the south side and one on the north— 1,;JOO to l.Joo 
feet west of its junetion with Bingham Canyon. Tliese extend along mnvemcnt 
planes which trend northeast and southwest and dip northwest in limi-stone itnii 
quartzite. 

The most important development has been on the south side of the gulch, 
about 125 feet above the bottom, in the upper tunnel. This follows a zone of 
movement and mineralization in black 'limestone beds, wlii^h st.rike N. 20° to 4(1'' 
E. and dip 25° (locally 50°) to the northwest. A drift into iitie foot for lUO feet 
shows the limestone to continue throughout, though becoming more siliceous, and 
exposes minor movement planes below the major zone. 

At the face of main tunnel the mineralized zone shows the section given 

below. 

Seriion oj mineralized ame in Bed Wing Eiiensitm mint. 

1 . Honging waJl of black linieatone, perfectly HiickrnBided _ . . . 

2. Oraj cttlciircous (juartzit^ nanying aoine pyrite I 

3. A aeam of pyrite andBulena on a movement plane ... ,'. t 

4. Black Bilicouus Umo3l«iie, traosHiiiti^d by seams of milky quurtz nsitutiated wilb Kali-tm und 

5. Gray siliceous liiuosiloae Ehowing qiiartE veine 4 inches thick with some mintrnl, but mi u 

whole less mineralised than ovnriying numiber 1 

B. Crushed, gray, siliceous hmeatonf cut by senma of quftrln and niiDrml |'J ..^ 
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The crosscut in the foot wall exposes numerous vertical pencils of mineral a 
foot in length and 1 to 2 inches in diameter. The body of these was galena, coated 
with a film of quartz and inclosing sphalerite cores. Postmineral movement is 
proved by numerous distinct subhorizontal sUps which fault the pencils of ore, 
and also by distinct slickensiding and striating of the pyrite. 

LOWER TUNNEL. 

A second tunnel is being driven southwest on the dip of this mineralized zone 
below, with a view to opening the body at a depth. At time of visit it was in 50 
feet on a slightly mineraUzed fracture zone in calcareous quartzite. 

OLD TUNNEL. 

The Old tunnel, at the road level on the north side of the gulch, was driven 
a ong movement planes through quartzite. At the face about 250 feet in is a clean 
slip between black limestone hanging and quartzite oot. This, however, like all 
other planes, was barren, except at one point where there was very slight mineral- 
ization. 

VALUES. 

At time of visit the ore described in the upper tunnel had just been discovered. 
In so far as learned none had been shipped. It was reported to assay 45 per cent 
lead, 15 ounces silver, and a trace of copper. 

KANSAS NO. 2 TUNNEL. 

The Kansas No. 2 tunnel is situated in Freeman Gulch 3,500 feet N. 65° W. of 
its junction with Bingham Canyon. It follows a north-south fissure in quartzite 
for about 200 feet without striking ore. 

DRY FORK. 

Within the limits of the area mapped no active mines so far as known are located 
in Dry Fork, though a few short tunnels have been driven on porphyry dikes. 
Beyond the Umits toward the head of Dry Fork there is reported to be a region 
characterized by massive limestones cut by strong, wide porphyry dikes. The 
present report of this further states that, although very little prospecting has been 
done, there is a shaft down 85 feet which exposes a good showing of copper iron ore. 

LOWER BINGHAM CANYON. 

Bingham Creek between Markham Gulch and Dry Fork has deeply incised a 
heavy series of quartzites and sandstones. They strike generally parallel with the 
canyon and dip to the northwest, but immediately below Dry Fork the dip steepens, 
the strike swings sUghtly more to the northwest, and quartzites, sandstones, and 
limestones descend northward from the southern divide, standing vertical. The 
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bedfl northwest of the canyon in its lower extent are more arenaceous and calea- 
reous, forming interbedded, brown, calcareous aandstones, wliereas those on the 
southeastern divide are dull, gray-brown (juartzites. The latter are much brec- 
ciated along northeast and northwest fracture planes. Traversing this series in a 
northeast course is a set of porphyry dikes, two of which, the Winamuck and Broad 
Gauge, are the longest that were traced in the area. Although varying slightly 
in trend and dip, both preserve a singularly direct course and stand nearly upright. 
The ore bodies of this locality occur on lissures at contact of impure limestone 
with quartzite, or of porphyrj- with sedimentary beds. The properties will be taken 
up in the following order; Winamuck, Dixon, Tiewaukee, Caledonia, Sedalia, Mohawk, 
Broad Gauge. Midland, and Siljcr Bell. ^11 

WINAMI'CK MINE. H| 

Sitiuition. — Tlie Winamuck mine Ik situated on the southeast side of Bingham 
Canyon, immediately below Bingham village, 2,700 feet west of Markliam Gulch 
and 6,200 feet southwest of Dry Fork. It is located on a zone which trends north- 
west and dips northeast. 

DeiJelopment.—The ore bodies have been developed through (1) a main tunnel 
driven soutlieastward about H.50 feet from a point on the e*st side of the canyon 
just above the creek level; (2) above, by a aeries of tunnels including (lower to higher) 
ir2, Windlass, Busbnell, Davis, Mountain Maid, and Savage, which are driven 
aouthwestward from the successively liigher points at which the vein ouiiinps 
on the slope above; and (3) below, by an incline down 400 feet on vein with hiteial 
drifts chiefly to the southeast at the 100-, 140-, 200-, 300-, and 400-foot ii'vrls. At 
the time of visit water filled the lower levels up to a point on the incline helweeii 
the 140- and 200-foot levels. 

Geology. — In view of the doubtfid character of the wall rock and the olisciirily 
of its structure, it is not siu-prising that contrary statements have been made regard- 
ing them. The outcrops of the country rock are quartzite. Whei-c the vein out- 
crops in the gulch, near the head of the shaft, and at several points on (he slopes 
above, detemiination of bedding, dip, and structure was diflicnit. On the di^-idc 
to the south in the neighborhood of the two precipitous bluffs on breceiuled quarizi ti- 
the strike is roughly northeast and the dip Ls west. This structure is further ,iul>- 
stantiat«<l by observations along the divide to the southeast, and also by knmvn 
structure at the north and west. Undei^ound the bedding is no less obscnii'il. 
A strong porphyry dike cuts the country in a northeast-southwest direct inn on n 
steep simthw est ward dip. It appears southeast of the workings on (he surliicc 
immediately below the nia,ssive blulf and in the eastern workings of the mine .^n 
the work level and in an upper tunnel. A strong fracture cuts llr 
in a direction ranging from N. 40'^ W. to N. 60° W.. and dips norll 
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considerable variation. At the station on work level its dip is 45*^. About 175 
feet beyond it rises to 72°; above, in the 112 tunnel, it shows dips of 45° to 60°; 
in the Windlass tunnel 66° and 70°, and below at northwest end of 100-foot level 30°. 
At the 300-foot level, on the incline dip, it is reported to have been 50° to 60°, and 
at its southeast face nearly vertical. Several slips oblique to the main fissure cut 
and in certain instances fault it. Chief among these is the Winamuck fault. On 
the w^ork level at a point about 300 feet southeast of the incline the Winamuck 
fissure, which is the locus of the ore, encounters a zone of cross fractures. No ore 
has ever been found at this level. A strong vertical slip plane continues beyond 
in the same trend as the main fissure, as if somewhat offset to the north. Its walls 
are not, however, like those of the main fissure, in its mineralized portion. Strong 
planes trending north-south, N. 6° W., and N. 10° W. (latter dipping 80° northeast- 
ward) appear to terminate ore on the east. In the trend of this zone on the 140-toot 
level is a strong movement plane dipping and striking accordantly and suggesting 
the continuation of the fault. Owing to presence of water below and to the east, 
and of bad air in south drift on main level, it was not possible thoroughly to work 
out the fault. It is reported that no indications of it were seen on the drowned 
lower levels. Minor faulting appeal's as follows: On work level at Cook winze, 
the vein is offset 10 to 15 feet to the north along a north-south slip plane; at north- 
west end of 100-foot level, near Winamxick shaft, a vertical, northwest-southeast 
slip parallel to vein cuts across contact of hanging wall with quartzite and quartzite 
breccia abuts against them on northeast; on Windlass level the main fissure is 
offset to north; on east side two fault planes strike northeast and southwest and dip 
steeply eastward; and several northeast-southwest planes of brecciation, some 
barren, others mineralized, cross the main fissure at other localities. As to the wall 
rock all agree that the foot wall is (juartzite, but the hanging has been variously 
described. Mr. Ellsworth Daggett, an early and successful manager of this prop- 
erty, considers the vein to lie between two varieties of quartzite, the lower normal, 
the upper a soft, granular, * ' sugary ' ' rock." Mr. Raymond states that ' ' the hanging 
wall is usually a belt of soft, bluish rock (siliceous clay slate?), but sometimes quartz- 
ite; the foot wall, like the general country rock, is quartzite."* Mr. W. H. Hall, 
present controller of the property, considers the foot wall to be quartzite; the dark, 
doubtful rock overlying the fissure to constitute part of the vein, and the quartzite 
overlying it to be the hanging wall.^ D. B. Huntley states that * ^ the Winamuck 
vein is a contact vein between a black clay-shale hanging wall and a quartzite 
foot wall.' ' " 



a Personal communicatioD. 

'♦ Raymond, R. W., Mineral Resources West of the Rocky Mountains, 1873, p. 252. 

<? Personal communication. 

d Tenth Census, vol. 13, p. 411. 



The foot wall wherpver studied was normal quartzite. The hanging wall ia 
in a few instances quartzit*, but generally «■ massive, ^ray-black, dry, fine-grained 
siliceous rock. It is high in sjHca, carries no calcium carbonate, shows fine cnstals, 
which are probably goalarit^, and appears to be a fine-grained clay shale or gaud- 
stone. A northeast crosscut on the working level proves this to be about 300 
feet in thickness, but, as pointed out by Mi'. Daggett, only the lower portion, not 
exceeding 20 feet, is mineralized. 

In brief, the above observations on geologic structure, both over and under 
ground and on the lode, tend to suggest that the Winamuck ore does not occur as 
replacement along bedding. The basis for this suggestion ia found in the tacts (1) 
that the locus of mineralization is a zone of intense deformation and of movement; 
(2} that the hanging is complexly cnimpled, folded, crushed, and cut by slip planes 
parallel to the main plane; (3) that the black shale hanging wall does not persist on 
all levels, but gives way to quartzite; (4) that the strike of the lode (S. 40° to 60° E.) 
is oblique to the strike of bedding observed on surface N. 60° E. and to apparent 
bedding observed underground. These facts show rather that the Winamuck ore 
is a lode deposit in a fault zone trending northwest-southeast across northward- 
dipping quartzite and calcareous shale, and displacing these beds so &s to bring 
shale in the hanging abnormally against quartzite in the foot. 

Occurrence of ore. — -The brecciated bluffs above the Winamuck show Ferrugi- 
nous oxidation and stains, but, strangely enough, development has never been 
carried beneath this gossan, the present workings lacking about 1,500 feet of under- 
lying the bluffs, so that the significance of this gossan is still unproved. Thr ore 
was found on the fis.sure, and is reported to have had the form of an immense lenticu- 
lar body which attained its greatest extent above the main tunnel, thinned out ai)out 
the periphery, and descended as a contracting sinuous shoot. In descenthng below 
the main tunnel the narrow shoot pitches northwestward to the aoO-foot level, where 
it suddenly swerves southeastward to the 300-foot level and descends with the liip. 
The ore body is reported to have extended 200 feet along the strike of the fissure, 
600 feet along the dip, and to have been 20 feet in maximum thickness. 

A unique occurrence was discovered m crosscutting the fdni-wall <|iinrix.ile 
northwest of the incline on the 400-foot level. A pipe of rich silver-lcai! ore was 
encountered about 150 feet back in the quartzite which rose nearly verticHlly tind 
southeastward to a point beneath the incline between the 140- iinil the liOH-l'iKit 
levels. A small body encountered in the foot wall of the 300-fiiii( level eii-;i nf 
the incline rose sj-rometrically with the one on the west side up tn tlie .siuiu' [uiini 
under the incline, where both joined the master fissure. 

CompoitiHon of ore.- — The ore is essentially a silver-lead ore, wllli sniiu' I'lmui-r 
and gold. Galena carries the lead and probably some silver: the rei 
silver probably lies in tetrahcdrito. Some chalcopyrite and possibly 
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pyrite carry the copper. Some sphalerite probably accounts for the presence of 
heavy, pilous tufts of goslarite. The low-grade pyritous ore, it is reported,^ contained 
galena, sphalerite, tetrahedrite, cubanite, and pyrargyrite, with calcite and gypsum 
as gangue minerals. In Cook winze, immediately below work level, the vein shows 
a thin streak of galena along the hanging wall and 5 feet of broken pyrite next below. 
Oxidation which changed the greatest and richest portions of the Winamuck ore 
body into carbonates is stated to have progressed at some points 90 feet below the 
work level; at others it did not reach the work tunnel. 

Value. — Values are reported to have fallen oflF in depth as the workings passed 
out of carbonates into sulphides. Raymond after Daggett states that 1,300 tons 
ran abut 38 per cent lead and 56 ounces silver, and that 3,954 tons of dry ore smelted 
during the year 1872 averaged 34.98 per cent lead and 51.46 ounces silver.* Mr. 
Daggett^ states that the first 5,000 tons ran 35 per cent lead and 52 ounces silver. 
At that time ore which did not carry over 50 per cent lead and 10 ounces silver was 
not valuable. 

Seven assays reported from the 200-, 300-, and 400-foot levels (all lying below 
the work level) average 25.7 per cent lead, 38.7 ounces silver, 55 cents gold, 0.1 per 
cent copper, 10.8 per cent zinc. Three assays from the two pipes in the foot wall 
average 5.9 per cent lead, 131.6 ounces silver, 90 cents gold, 4.6 per cent copper, 13.9 
per cent zinc. A comparison of these selected assays of ore from a depth on the 
fissure aAd in foot wall bodies with that of ore from the upper portion of the fissure 
indicates that lead, and probably silver, ran higher in upper carbonate levels; that 
gold, copper, and zinc increase in depth, and that foot wall bodies were richer than 
fissure bodies. 

Up to 1880 the total output is reported to have been $1,500,000 in gold and 
silver. 

DIXON MINE. 

Situation and development. — The Dixon mine is situated on the northwest side 
of Bingham Canyon, at and under the mouth of Freeman Gulch, on a northeast- 
southwest fracture zone, in black calcareous shale. This has been opened to a 
depth of 250 feet on the vein by the main incline (100 to 150 feet were under water 
at time of visit) and for over 1,000 feet along the vein by drifts driven northeastward 
and southwestward at several levels. 

Geology. — The country is a massive, fine-grained, calcareous shale, which appar- 
ently strikes northeast-southwest and dips northwest. Its thickness has not been 
proved, but crosscuts show it to be at least 100 feet. It may be traced on the surface 
on the northwest side of main Bingham Canyon for over 1,500 feet. Cutting this 

aHuntley, D. B., Tenth Census, vol. 13, p. 411. 

ft Raymond, R. W., Mineral Resources West of the Rocky Mountains, 1873. pp. 2/i2 253. 

<• Personal communication to Mr. S. F. Emmons. 
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Ore, —The ore has occured chiefly in lenses in a zone of crushed quartzilO 
which lies imniedi&tclj under the branching porph\Ty body. These lenses differ 
in thickness, the lai^e?;! being at most a foot and a half thick. They do not He 
at the contact hut in tlie quartzitc, and they are separated from the porphyry 
by about 6 inches of quartzitc. Associated with the pay ore in tlie quartzite 
breccia are chalcanthite, hematite, pyrito, and selenitc. The ore is n lead ear- 
bonate with accessorj- gold and silver, and is reported to run S l^i 300 ounces of 
lead and low in gold and silver. 

MIDLAND MINE. 

Situalioit.— The Midland mine is situated on the southeast side of Bin[;hani 
Canyon, just above Dry Fork, the lower tunnel lying 1,200 feel southwest of the 
mouth of Dry Fork, and the upper at the head of the road in Damphooi Gulch. 

DeveloprnfTil and grolvgij. — The upper tunnel entei-s a strong fissure, after 
passing PMtward 52.5 ftet through quartzit«. This has been opened by drifl^ 
to the north and south for about 700 feet. It trends N. Ill" W.. S. 10° E.. dips 
westward at angles ranging from 70'' to SO", and the crushed zone between slicken- 
sided walls varies in width from 3 to 15 feet. The lower tunnel enters quartzite 
550 feet hclow and 1,350 feet northeast of the upper, strikes u fracture zone, and 
except for incidental departures follows it southeastward for nearly rSOO feet 
The zone trends N. 10° to 20° W. and dii>s westward at anglos ranginj; from (>,'»'' 
to 80°, the average being 70°, and varies in thickness from a close fissiire to 4 feet 
For the greater portion of its course it lies within quartzite walla and carries stained 
ocherous material. Soon after cutting the fissure, however, it eroa.scs a narrow 
dike of porphyry, small fault blocks transported hy subsequent movement on 
the fissure, and a dike 80 feet in thickness on the top. Above the UjqM'r tunnel 
near the crest of the divide, a strong fracture zone, which has been explored by a 
series of open cuts, shows a trend and location conformable to thnt of the nmin 
fissure if the vertical dip at the surface be considered to continue down nearly lo 
the upper tunnel. 

Orf.— The crushed quartzite exposed on the open cuts on the iipcN is highly 
stained with brilliant red, yellow, and brown colors, and it i.s stated tluil sonic 
excellent ore occurred there. The ore is worked through the upper Uiiinel, It 
occurs in the fissure in three distinct shoots, which appear to pitch Ktecply to tin- 
south. The northern one is SO to 90 feet broad on the top, the ccntrai <mc .i() to 
60, and the extent of the southern is unproved. They show brown carlmniiti' 
ore blotched with marcasitc and a few cores of galena; while the inlcrvcniii;; 
biirren portions of the fissure carry loose, sandy, .■Plained broccin. 

Values. — The ore is in the form of carbonate. Its character and values diffe 
in the different shoots. Copper ia reported to be highest in the northern shoot 
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silver highest in the middle shoot, and lead highest, silver lowest, and copper 
absent in the southern shoot. Ore from the northern shoot is said to have assayed 
38 per cent lead, 8 to 10 ounces silver, $3 gold, and some copper, and the southern, 
or lead shoot, is said to have run 50 per cent lead. No true ore body has been 
encountered in the lower tunnel, although a small pocket was opened which is 
reported to have assayed $80 in gold. The well-defined hanging wall appears 
still to be the pathway for water. The tunnel is now being driven southward 
with a view to working the shoots opened in the upper tunnel at this lower level 
below the downward extent of oxidation. 

SILVER BELL MINE. 

This property is situated on the northwest side of Bingham Canyon, just 
below the Midland mine. The tunnel extends northwestward for 300 feet and 
opens a well-defined zone of clay gouge in quartzite 1 to 2i feet thick. This 
trends N. 20° W. and dips southwestward at angles ranging from 45° to 50°. It 
has been followed down to 60 feet. Ore is said to have been taken from the 
quartzite overlying the gouge and is reported to have assayed 65 ounces silver, 
6 per cent lead, and $3 gold. 

MIDAS CREEK. • 

The upper portion of Midas Creek cuts across the northward continuations 
of the Fortune sill and of a massive limestone which appears to correspond to the 
Jordan member. These two members have formed the basis for considerable 
prospecting in this locality, but no properties were operated at time of visit. The 
lower course of the creek within the limits of the area studied is on the eastern 
limiting extrusive volcanic tufl^ and unconsolidated waste. Bingham tunnel, 
which lies in its outer area, is the only property to be described in this locality. 

BINGHAM TUNNEL. 

Situation and development. — The entrance to Bingham tunnel is situated 
in a gully in the foothills at the eastern base of the main Oquirrh Range, about 
2| miles due east of the Winamuck mine, 575 feet lower than the mouth of Carr 
Fork, 1,375 feet lower than the No. 7 tunnel of the Highland Boy, and 1,250 feet 
lower than the Evans tunnel of the United States Company. The tunnel extends 
directly southwestward (S. 48° to 50° W.) for about 2,150 feet and lies entirely 
in latite (extrusive) . A shaft is reported to be down 70 feet at a point in line of 
tunnel and 4,000 feet from its mouth, 1,850 feet beyond the present face of tunnel. 

Object. — The primary object of this enterprise, as stated by the manager of the 
Bingham Tunnel Company, is to furnish a low-level outlet for the large properties 
of Bingham. Dimensions of 7 to 8 feet in height and 8 to 9 feet in width have been 
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maintained with the intention of allowing space for a joint work tunnel as well as 
supplying drainage and ventilation. If ultimately completed as designed it will 
have a total length of about 4 miles. Beyond the immediate utility of the project 
in draining the combined Dallon and Lark- Yosemite-Brooklyn -Lead niitie group, its 
success will depend upon the contitmance in depth of the main shoots in the large 
mines. Lu event of not encountering possible obstacles to such continuation in the 
Highland Boy, Commercial, Telegraph, and Jordan properties, Bingham tunnel 
might become of essential importance in the profitable exploitation of verj' low- 
grade ores. 

Geology. — This property is located within the great area of extrusivea which 
blanket the eastern slopes of the Oquirrh Range in this region. Limited surface 
exposures and the section revealed by this tunnel show that the general country 
roek in this area is latite. At the mouth -I Bingham tunnel this appears to be a 
flow or breccia made up of roughly circular portions of fine light-gray cores inclosed 
by crushed and broken cementing material of similar composition. Weathered 
exposures, as in main Bingham Canyon (PL XI) , exhibits, in addition to this brec- 
ciated character, a rough-bedded or flow structure. An exposure on the north side 
of the canyon shows that this latite overhes an old soil and land surface, and this 
evidence is corroborated by the general distribution of tliis mass, winch wraps about 
the sediments and covers them up to a generally constant elevation. In short, Ihese 
facts indicate that the country rock in tliis region is a flow or succession of flows of 
latite. 

Examination of the walls of the tunnel shows that although the greater portion 
of the countrj' rock is the normal light-gray latite (homblende-biotite-lalite) rniiTiy 
of the included subangular blocks, ranging m diameter from a few inches to I or 1 
feet, and even considerable stretches are made up of a finer-grained, darker njck, 
which is a slightly different type of latite (hornblende-angite-latilc). Tlie aiih- 
angular inclusions embrace various facies of the latite. 

In one instance a continuous mass of the bornblende-augite-latite about 7.t 
feet thick was penetrated and a well-developed brec^iated contact exposed. lis 
relation to the general countrj- could not, however, be clearly determined, It seems 
probable that either the composite country rock is made up of a succession of flow.' 
which vary somewhat in mineralogical composition, or that within the general out- 
flow more basic portions segregated. It was not possible to determine this feiiltire. 

The countrj" rock, as may he seen in that portion of it which i.s tnivoised by the 
Bingham tunnel, is intersected by ahp planes, some of which are tight wliilc ntlici'.- 
bear gouge and some breccia. Their prevailing trend is northwesl-southensi nml 
their dip is northeast. So far as observed, however, neither these fissures nor thi 
country rock carries metallic values, and no assays have been reported. 
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KEYSTONE GULCH. 



This gulch cuts the sedimentary series 3,000 feet southeast of Midas Creek in a 
northeasterly direction. The country rock is normal, gray-brown quartzite (strike 
north-northeast, dip northwest at angles ranging from 20° to 30°) locally brecciated 
with more calcareous portions and cut by porphyry sills. The eastern extruJve 
extends up the gulch to the new Mammoth mill. About 1,500 feet above a strong 
sill is opened. At a distance of 600 or 700 feet up the gulch a minor sill rises from 
the bottom up the mountain slope over a prominent ledge of quartzite and porphyry 
that crosses the crest of the divide at the head of the gulch. The lowest sill is 
about 150 feet thick and is the largest sill known in the district. It is known to 
extend from the main intrusive body of Upper Bingham to a point beyond Midas 
Creek. This has been opened at many points and reaches its greatest economic 
importance on the Fortune property. It may be appropriately known then as the 
'^ Fortune sUl.'^ 

The ore bodies known to occur in this gulch lie on or adjacent to incline con- 
tacts with porphyry. The properties will be described in the following order: 
Fortune, Congor, lUinoLs, Blaine, and Extra Session. 

FORTUNE MINE. 

Situation, — ^The Fortune mine is situated in the middle portion of Keystone 
Gulch, about 6,300 feet east-southeast of the mouth of Carr Fork and an equal dis- 
tance northeast of the mouth of Bear Gulch. Its ore bodies occur at the lower 
contact of the Fortune sill. 

Development. — Development has proceeded through a system of tunnels which 
have been driven southeastward on the lower contact of the sill. The main tunnels 
(from lowest to highest, which is also the order of length, longest to shortest) are 
Contention, Keystone, Freedom, and Fortune. Through these the contact has been 
explored along its strike for about 1,000 feet, and on the dip over 600 feet. The 
northwest crosscut from the Contention pierces the sill to the overlying quartzite. 

Geology. — The Fortune sill may be traced on the surface up along the divide 
between Copper and Keystone gulches, across it, just above the saddle, and down 
northwestward to the bottom of Keystone Gulch, and thence northwestward. 
Quartzite appears to Ue both above and below it wherever it is exposed in Keystone 
Gulch, but a thin limestone outcrops below it just below the upper trail on the Cop- 
per Gulch side. Underground the quartzite strikes generally S. 25° to 30® W. 
(though at one point in upper workings it was S. 12° E.) and dips 20° to 35° to the 
northwest, with an average of 30°, and the sill dips in general accordance with 
the bedding. At the point on Contention level where a northwest crosscut 
shows its thickness to be 150 feet, its lower contact dips 22° and its upper 24°. 
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Xonnal quartzil« here ovorlies it for at Icnst 125 feet, and similar crushed quartnte 
is seeH to underlie it at the entrance of tin" Conlenliou. At wveral points por- 
phjTi,' breaks upward from the underlyjug quartzite over lenseiK of raU-areous shale 
3 to 5 feet in thickness. In some in:«tanci>» this uppcartt to be true, banded, bine 
limestouc; in othere, an impure, arenaceous limestone; and again, a black sand- 
stone. Another phase of the oarbonaeeous member is undoubtedly presented by 
the whit*-, "sugary," honeycombed quartz on the Contention level as n replace- 
ment product. Between the sill and the underlying quartzite is a distinct and 
perfect zone of movement which varies, excepting at one or two points where 
the porph\Ty is froxen to llie quart'Zite, from a clean slip plane to a thick band of 
moist. clHv-Uke gouge. Where the black, rjilcar(?<ius shale comes in it is a.-* a 
hanging for the fracture. A few northwest planes of movement and faulting suc- 
ceeded both the date of fracturing and the .sub.'tequent mineralization. 

Oceurrenef o) on-. —The leEiacious, varicolored gouge in the contact fissure gives 
way at several points along the strike to lenticular )>o(lies of on> which thicken 
rapidly from a featlicr-edge to 6 and 7 feet, then thin with similar rapidity. These 
ore shoots are enlongatcd lenses or pencil.'* which have their maximum extent in the 
direction of dip. The four or five distinct lenses include two miiin shoot«, namely. 
line opened along the Keystone incline and one along I he "Big raise," Tlit'shnot on 
ihe Keystone incline exlendcd for more than 1.50 feet along the contaci on the 
Freedom level and has been stoped from above the Fortune level to a imiiii nlmul 
51) feet below the Keystone level, having a total length on the dip '•( iiln'Ut 
500 feet. This ahoot appears to grow narrower and thinner as it desccnil- iiml u> 
Ihin out before reaching the Contention level. The shoot along the ■' Big miM'. 
although not so extensive above, shows a thickness uf 15 feet on the Kcysiunc 
level and 6 feet on the Contention level. Both shoots pitdi In llie .soittliwcsi. 
Xo ore has yet been found, as in (he Congor, iii tlie Fortune at tlic u|i]icr cunldcl 
of Ihe porphyry. 

Walls. — Quartzite forms the foot wall thrmighout the iuinc, l>ul llic hunging 
wall differs, being a black pseudolimeatone, as in the lower e.Mcnt of the Keystone 
shoot; coarse porphyrj', as over portions of Ihe "Big raise" shnol: lionevcombcd 
quartzite (replaced hniestone), a^s best exposed on the Conteniion levi'l. iind calca- 
reous quartzite, as shown at the inner extension of the Conteniion lunni-l. 

ComposUion of ore. — The development of this property reveals in vaUiublc coui- 
. pleteness the succession in the character of ore resulting from superlirial ultoralion. ' 
In the upper stoi>e3 on the Fortune and Freedom levels, oxidized ores of lead iinil 
copper arc found with them, and below them Ihe carbonates come in only lo give 
way to sulphides in depth beneath the surface, and on the lowest level, bcncnlli i 

■ PenniM, R. A. F., Jr., SuperflcUI Bltentlaii of ora •toposlu : Jour. Geol,, l§M, vol.2, No. 3, p. 307. 
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shoot of sulphide ore, metallic or native copper occurs in arborescent films in frac- 
tures in the quartzite foot wall. Carbonate ore has been taken from the Fortune 
level, from the outer portions on the Freedom level, and sparsely from the Keystone. 
In general the transition zone between superficially altered and unaltered ore is 
accordant with the surface. At some depth beneath the surface the ore becomes 
a copper-iron ore carrying lead locally. It is composed of pyrite, some chalcopyrite, 
chalcocite, and galena. 

BROOKS TUNNEL. 

This tunnel is situated 500 feet north of the Fortune mill. It extends north- 
ward for more than 600 feet over a (juartzite foot wall, and a brown, siliceous 
decomposed rock. An examination of a thin section of this under the microscope 
shows that it is calcareous sandstone. No ore was observed. 

CHESTER TUNNEL. 

The Chester tunnel is situated 700 feet northwest of the Fortune mill, and 
about 300 feet northwest of the Brooks. It was not open at time of visit, 
but has been driven by the Fortune Company on the eastern extension of the 
Fortune sill. Its dump is almost entirely made up of coarse porphyry, and shows 
also black, siliceous material, which may be an altered, calcareous member. No 
ore was in sight. 

CONGOR MINE. 

Situation and development. — The Congor mine is situated on the north side of 
Keystone Gulch, 1 ,400 feet S. 75° W. of the Fortime mill. It is located on aeon- 
tact of coarse porph>Ty (biotite-latite) with overlying black limestone, or gray, 
calcareous quartzite. 

The contact has been opened by a tunnel extending northward about 900 
feet, by an incline running S. 70° W. for 500 feet at an angle of 30°, and by drifts 
from this to the northwest and southeast at several levels. 

Geology, — The country rock appears to be quartzite with local lithological 
variations. Thus, on the upper level it is black, thinly laminated, and coarsely 
jointed rock, resembling limestone; at the bottom drift it is a calcareous rock for a 
distance of over 300 feet; on the first level above the bottom it is a gray, slightly 
calcareous quartzite; and on the next level above this it is a wliite, calcareous 
quartzite. Between tliis variable calcareous member and an underlying quartzite 
a sill 12 to 15 feet in thickness breaks in with an uneven upper contact. 

The period of mineralization appears to have succeeded that of intrusion and 
to have preceded that of fracturing. 

Ore. — ^The ore occurs in several forms. Commonlv it is found in a tabular 
or lenticular body 1 to 4 feet in thickness at the upper contact of the sill; at other 
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points it fills seams in b. frarturp ztin« extending 12 feet above the porjdiyry: also 
in a steeply inclined northeast llssure as a solid mass of ore. It occurs also w* a 
3-inch aeam of black sulphide within tho porphyrj- and a^ minutely disseminated 
grains in a decomposed talcose porphyrj-. In brief, a zone '2^ to 30 feet in thickness 
between (luartzile walls is formed by 12 to 15 feet of mineralized porpliyri', an over- 
lying band of gouge carrj'ing a band of ore 1 to 4 feet in thickness, and a variable, 
gray and black, calcareous quartzite or limestone 10 to 12 feet in thickness, fissured 
and seamed with pyritic ore. The main bodj-, however, lies on the upper conliict 
ot the poi-phjTj'. In the upper portions of the workings ejirbonates appear, but 
these give way to sulphides, such as pyrite, chalcopyrite, and some chalcocite. 

Values.— '^t is reported that the copper-iron ore in the northeast fissure carried 
ir> per cent copper and that some of that at the porphjTj' (ionlact carried 40 to 50 
per cent copper. 

II-USOW MINE. 

Sitaaiion and development. — The Illinois mine is situated in the bottom oF 
Keystone Gulch, about 1,600 feet southwest of the Fortune mill. It is at the 
lower contact of a porphyry sill with c|uartzite. 

The development consists of a crosscut tunnel driven southwestward over 1.^0 
feet, a drift on the contact running south-southeastward about 27.5 feet, and a 
winze. 

Geoloff}/. — The contact is between a coarse porphyry and underlying l>eds 
which vary from nonnal quartzite to calcareous portions. A black, ralcureous 
shale overlies the porphjTy. On the main level verj- little mineral shows on the 
contact: some occurs in slip planes in quartzite, while on the lower level pyritic 
ore occurs along the contact, and at one point reaches a ihickiiess of 6 inches. 

BLAI.VE TL'SNEL. 

This tunnel is situated in the soutli side of the gulch, .'SUO feet southeast 
of the IlIinoL'i and about 175 feet above it. It extends .125 fed in a southwesterly 
direction, thence 80 feet to the northwest. After passing; ihruugh poiiih\T^- at 
the mouth and along the lower contact of this porphyrj- with a black limestone 
for about 100 feet, it lies entirely in the black country rock. This strikes N. lO^E. 
and dips to the northwest at an angle of 30°. No mineral way seen. 

EXTRA SESSION INrl.lNE. 

This propcrtj' is situated about 2,300 feet northeast of thi- P'urtuiic mill. lu 
workings were not accessible at time of visit. It in rej>orteil. Inmevrr. rliul nn 
incline is being sunk in a thin limestone which lies upon porphyry and unde: 
(juartzite. No ore has been found. 
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COPPER GULCH. 

Copper Gulch trends in a northeasterly direction across a series of normal 
quartzites which include two massive limestones. The upper limestone is crj^stal- 
line marble and the lower a dark-blue marble. The general strike is northeastward 
and the dip is northward. The Fortune sill crosses from its parent at the head of 
the gulch; an irregular intrusive body cuts the upper limestone below, and the 
porphyritic extrusive terminates the sedimentary beds near the mouth of the gulch. 

The ore occurs along planes in the sedimentary series, which are accordant 
with the bedding and adjacent to limestone horizons. The mines of this locality, 
together with the Brooklyn and Yosemite, near the head of Yosemite Gulch, have 
been more recently known as the ''Dalton and Lark group. ^' For purposes ot 
description the properties included in this group will be considered, first, according 
to their geographical location by gulches; and second, by their occurrence on 
separate lodes. 

DALTON AND LARK-LEAD- YOSEMITE-BROOKLYN GROn». ^ 

The mines comprising this group include in Copper Gulch the Dalton and Lark, 
Yosemite No. 2, Richmond, Lead, Sampson, Antelope, Wasatch, Miner*s Dream, 
and Silver Gauntlet, and in Yosemite Gulch the Brooklvn and Yosemite. Surface 
indications show that they lie along a belt of limestones in which two massive 
members outcrop prominently. According to Mr. Daggett, there is a third zone 
of mineralization between these two. The highest appears to be the eastern con- 
tinuation of the Commercial limestone, known as the ' 'Lead mine limestone,' ' after 
the chief mine located on it. The following mines are also on the same member: 
Richmond, north drift at 640-foot level on the Dalton and Lark, Silver Gauntlet, 
and June Blossom. The middle zone is stated by Mr. Daggett to be a lime belt 
which lies between quartzite walls, and is so thorougldy mineralized that very little 
lime may be seen to-day. It is known as the * ' Yosemite-Lark * ' vein and has been 
worked through the following mines: Antelope, Dalton No. 2, Dalton No. 1, Sampson 
incline, Yosemite No. 2 incline and upper tunnel, and Yosemite No. 1. The lower 
zone is on the apparent eastern extension of the Old Jordan-Old Telegraph lime- 
stone, and in this locality is known as the * * Brooklyn ' ' limestone, after the mine 
of that name. The following mines are also on it: Wasatch, Miner's Dream tunnel, 
and Revere. 

«The mines of this group were not open for study; consequently, with the exception of facts gathered from surface 
exposures, the statements in this report are based on the authority of others. Valuable information regarding history, 
development, and output was furnished by Mr. Ellsworth Daggett, an experienced mining engineer of Salt Lake City. Fur- 
ther information was supplied by Messrs. E. Hanaucr, A. I*. Mayberry, Charles L«gg, and former leasers and employees. 
Mint reports have given additional data. In May, 1901, this entire group was purchased by the Bingham Copper and Gold 
Mining Company, and was consolidated with that company under the name "Bingham Consolidated Mining Company." 
Recent developments on this property are briefly noted in Addendum. 
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Situation. — The mines in the Lead mine zone arp situated as follows: Tjead 
mine, at the head of the tramway in the upper portion of Copper Oulch, 3,800 feet 
north-northeast of Upper Bingham and 4,700 feet northpast of the Telegraph mine; 
Silver Gauntlet, 1,050 feet S. 15° W. of Lead mine; Richmond, 2.150 feet eust- 
northeast of Lead mine. The situations of those on the Yoaemite-Lark vein 
in Coppel- Gulch are; Antelope, 360 fret east of Richmond; Dalton No. 2, about 
750 feet S. 20° W. of Richmond; Dalton No. 1, 520 feet southwest of Dalton No, 2; 
Sampson (main incline), 480 feet ■ outhwest of Dalton No. 1 ; Yoaemite No. 2 {main 
inchne), 1,200 feet southwest of Sampson incline and H40 feet southwest of Ix-ad 
mine. The situations of those on the Brooklyn zone in Cnjipor Gulch are: Miner's 
Dream tunnel, 340 feet south of Dalton No. 2 and 600 feet northeast of Sampson; 
Wasatch tunnel, 450 feet east-norllieitst from Miner's Delight and east-southeast 
from Dalton No. 1. 

Dei-elopment.—Tht! composite underground map of these properties indicates 
tliat the most extensive workings driven on tlie.se ore bodies from Copper Gulch 
are on the Yosemitc-Lark ore body, and that the relative extent of those on the 
Lead mine ore body and Brooklyn ore body is in that order. The Yosomite-Lark 
ore body has be«n explored by the Antelope inclined shaft on the east to the 
600-foot level, where a drift connects with workings to the west: by the Dalton 
inclined sliafta Nos. 2 and I down to and l>elow the 800-foot level, wilh drifts 
extending northeast and southwest on the 640-, 680-, and SOO-foot levels; by ili- 
Sampson main incline down to 700-foot level with that number of hilend drifts-. 
and by the Yosemite inclined shaft No. 2 down to tenth level, witii drifts i>f tlmt 
number extending northeastward and connecting at one or more levels witli thnse 
running west from the Sampson inclim. In brief, the chief devclopmoit dm the 
east, between Antelope and Sampson inclines, is on the 640 ant! GM) level.-; un the 
west, between Sampson and Yosemite No. 2. It lias been regularly opened fiuin 
surface to lowest level. Tiiis ore body has thus been continuously opened from 
Copper Gidch for a distance of about 1,600 feet ahing its strike and tilmut l.fiiio 
feet on its dip. 

The L^ead mine ore body has been explored by tiie Richmond incline and No. 4 
shaft on the east; by the North drift, which extends about 1,700 feet along the 
strike of the ore body, and is entered from the 640-foot level on the Yosemite-Lurk 
ore body by the Dalton crosscut No. 2; by the Anderson crosscut; by the (i U)-foirt 
crosscut; by a crosscut iiimiing northwest from the foot of the Antelope incline: by 
the Lead mine incline, reported to a depth of fiOO feet, with extensive irregular 
laterals; and by the Silver Gauntlet tunnel tu a t.)tul length of about Hm feet. 

The Brooklyn ore body is here known only through the Wasatch tunnel, altou 
1,200 feet in length, and the Miner's Dream tunnel, over 1,000 feet in length. 
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Geology. — ^The general strike of the three bodies is northeast-southwest and the 
dip northwesterly. The continuous drifts on the 640-foot level in the Dalton and 
Lark and on the 1,000-foot level in the Yosemite No. 2 show a constant strike of 
N. 42° E. The average dip is about 40°, though a higher inclination is frequent. 
Thus Huntley gives the dip of the quartzite walls in the Lead mine as 50°. 

The country rock is quartzite, and in this are three important occurrences of ore. 
The Lead mine is ''located on a contact vein between limestone and quartzite.''^ 
Antelope crosscut and the Richmond, reported on the same ore body, are appar- 
ently on the lower contact of the massive Lead mine limestone. On the 640-foot 
crosscut this is about 150 feet thick. The Yosemite-Lark ore body is ' 'a lune belt 
so completely mineralized that very little lime appears to-day^' between quartzite 
walls. Its maximum thickness is reported to be 25 feet. The thickness of the 
quartzite which forms the hanging wall for the Yosemite-Lark ore body and the 
foot wall for the Lead mine ore body varies, being 100 feet along the Dalton 
crosscut on the 640-foot level, 120 feet on the 640-foot crosscut 1,000 feet to the 
southwest. The Brooklyn ore bodv is on a second massive limestone, which lies 
on quartzite walls and averages 150 to 160 feet in thickness. The thickness of 
the quartzite intervening between the Yosemite-Lark ore body and the Brooklyn 
ore body on the Miner's Dream quartzite is about 300 feet. 

In this region the ore bodies are fortunately free from interruption by porphyry 
as compared with the other properties on the same limestones to the west. Antelope 
crosscut passes through a sill 25 feet thick, which lies in the quartzite between the 
Lead and Yosemite-Lark ore bodies. The extension in the Dalton and Lark ore 
body westward from Yosemite No. 2 main incline appears to be interrupted by an 
irregular intrusive, which may be seen breaking across the Lead mine limestone on 
the surface along the zigzag trail which leads south from the Lead mine to the 
Brooklyn and Yosemite; also in tunnels. Mr. Daggett states that the zones are 
not known to be faulted. 

Occurrence of ore. — The ore occurs in tabular bodies or extensive and relatively 
thin lenses, whose strike and dip are accordant with those of . the calcareous 
members which they either partially or entirely replace. 

On the Yosemite-Lark ore body it would appear from the location of workings 
that the locus of ore deposition between the Antelope and Sampson was not miner- 
alized in pay quality above the 640-foot level. Farther southwest, between Sampson 
and Yosemite No. 2, pay values extended not only to an equal depth, but above, to 
the surface. Mr. O. A. Palmer is quoted as having reported that ''the ore shoot 
now being worked upon the Lark vein is one continuous body of ore 1,500 feet 
long, with an average width of 5 feet, and extends from the 560-foot level to the 

a Mint report for 1883. p. 635. 



SOO-foot level. But litlle sloping has been done upon it. This one body of or© 
then gives sloping ground 1 ,500 by 240 by 5, which should produe* ISU.OOI) Itiiis 
of ore."" 

Mr, Daggett states that the upper 500 feet on the Dalton and Lark ore body is 
of too low grade to pay for sloping and that from 500 to 640 feet it is stoped out, 
and he describ<« the ore body at present in sight as 3 feet wide, 940 feet long, and 
of unproved depthi 

The ore on the Lead mine ore body seems to have occurred very irregularly. In 
1880. Huntley* described that opened in the Lead mine as "a large-bedded vein 
or mineral belt ... in a wedge-shaped mass" which "came within 4 feet 
of the surface' ' while "brancbingfrom thLs [the body or chimney of clear cerussite 
10 inches square in about the center of the mass], and in all parts of the mine, occur 
bodies and stringers of the clean ore, from a few inches to a few feet in width." 

The Mint report for 1884 states that ''the Lead mine is a location on the 
Yoseniite ledge" which ''has a succession of ore chimneys of unusual dimensions," 
and that "two ore pipes have been cut by tlus (second) level, and also by the 
fourth level 120 feet lower." "■ 

Of the Brooklyn ore body in Copper Gulch little has been published. Huntley' 
gives ' ' the widths of vein " as " flO feet.' ' and the Mint report stales that this lode 
is reached by a tunnel and an incline down on it 220 feet.' 

Composition of ore. — In composition the ore found in the upper workings 
was a carbonate carrying lead, silver, and gold. In depth sulphides liave liei'ii 
reached and a sample of ore shows galena, pyrite, and quartz. Huntley .--iJilcft 
that the Lead mine ore "consisted of a ligbt-brown, granular, imd crvstiillLzc'iI 
cerussite (locally called ' crj'stallized lead') mixed with small, iinguliir fnifruicntH 
of quartz.' '■'^ The oxidized ore extends to a much greater depth in llie pinjic-i- 
ties Ijnng on this slope of the deep, waslc-filled riordan Valley than it does in mines 
lying within the range; thus, at a depth of GOO feet in the Lead mine sulphides 
had not been encountered (compare Brooklyn, p. .'121). while often the tnilcrops 
of some of the ore bodies found near the crest of the range uie said lo have been 
sulphides. The penetration of oxidation to such depths appears (o linve given 
rise to the opinion that ''the ore will be found in an nxidized couciition In un 
infinite- depth.' 'o 

ViilufS. — The ores are usually separated into two iliflerent chi-srs, tlir liisi 
being smelting ore, and the others requiring preliminary coiiccnlrulinn. C'liisiii- 
crable bodies of low-grade ore are said to have been opened ia luosl uf tiic ]iiiMr> 
of this group. In the Yosemite-I^rk ore body the quality of ore varied uloiiir bmli 
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strike and dip; thus the grade of that on the Dal ton and Lark ground ran 
slightly higher than that to the west on Sampson and Yosemite No. 2 ground. 
The value of the ore in the Dalton and Lark shoot ran very low in the upper 
500 feet; increased to good pay valuer thence to the 680-foot level; then fell oflP, 
but continued higher than the average value of all ore above. In the Yosemite 
the ore grew leaner in depth. 

In the estimation of Mr. Daggett, based upon an observ^ation of ore-in-place 
assays of numerous samples and known historj^ of the mines, ** there is probably 
within minable limits below the lowest workings as much and as rich ore as has 
been encountered in the portion explored.' ' The average of the actual values 
of ore and the products from the several properties are' as follows: 

Production of certain mines in Copper Gulch. 



Name of mine. 



Lead. 



Silver. 



Gold. 



Total 
product. 



Dalton and Lark. 

Sani])son 

Yosemite No. 2. . 
Lead mine 



Per cent. 
19 

43.55 
43.21 
41.14 



Ounces. 


Ounces. 


24 


0.075 


9.02 


.48 


16.58 


.065 


7.82 


.053 



Tonn. 

32,826 

4,876 

12,728 

62,531 



NEW MAMMOTH MINE. 

Situation and development. — This property is situated on the north side of 
Copper Gulch a few feet north and 300 or 400 feet above the Dalton and Lark. 
It was not open at time of visit. It is reported to be located on a fissure plane 
in altered quartzite which dips with the l)edding at an angle of about 40°. Develop- 
ment work consists of a tunnel driven at a low level in the hanging toward the 
fracture and an inclined shaft down on the fissure 400 feet from its outcrop on 
the brow of the spur. 

The altered quartzite which forms the walls of the fissure is stated to carry 
a little ore in an oxidized form. This is made up of a little gold with a little pyrite. 
Assays from ore in the mine average $1.43 gold; from ore in dump $2; and the 
actual yield from the mill was $1.40. 

YOSEMITE GULCH. 

The series of quartzite and interl)edded limestones that are crossed by Copper 
Gulch outcrop about the north and west and forking heads of Yosemite Gulch. 
Underlying quartzites inclose thin, black, siliceous or cherty members — probably 
altered limestone — and near the base a thick massive limestone. The extrusive 
porphyry terminates the outcrop of the last, two irregular bodies break abruptly 
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across the beds on the south side of the gulch, and near the head an extensive 
I)()rphyry body breaks up across the Jordan Hmestone into the base of the 
Coniniorcial limestone. The general strike is northeasterly and dip northwesterly. 
The more important occurrences of ore known in this locality are on planes 
generally accordant with the bedding and associated with calcareous members. 
This will be considered under the properties on which they are found in the fol- 
io wing order: Brooklyn, Yoseniite, Revere, Paradox, Gladstone, St. Joe, No-You- 
Don't, Badger, and Chicago. 

BROOKLYN MINE." 

Situation, — The Brooklyn is situated on the north side of the north fork of 
Yosemite Gulch, 2,400 feet south of the Lead mine, 3,200 feet east of Upper Bing- 
liani, and an equal distance northeast of the Telegraph mine. It is located on the 
lower of the two main limestones. 

Development. — This ore body has been more extensively developed at this mine 
than at any point east of the United States properties. A generalized map of under- 
ground workings shows that in depth it is known tlu*ough an incline which is down 
1,4.*)0 feet, and that along the strike it has been opened by drifts driven northeast and 
sout Invest for many hundred feet from the incline at fifteen levels, those upon the 
No. 5 level, for example, extending 1,300 feet from face to face. The Mint report for 
1SS4 (p. 417) further stat^es that ** the first level southwest has been connected with 
the bottom of the old Revere workings. It is still 1,000 feet from the southwest end 
of the property, and is at least 1,100 feet above water level. A tunnel starting in 
from the gulch below the works connects with this level southwest, allowing the cars 
to he run out instead of hoisted, and helping the ventilation. A series of raises is 
being brought up from the lower levels and from the fifth to the fii-st, and the second, 
third, and fourth levels are to be worked out through the fifth." 

The extension of the level to the Revere makes the distance for which this lod(» 
has been explored underground along the strike about 2,000 fe(*t. 

Geology.- -On the surface this limestone zone is seen to hv made up of tnie lime- 
stone portions, somewhat clierty in places, with interbedded, more siHceous portions 
which are not distinguishable from quartzite. The width of outcrop decreases ra])id]y 
southwestward, and on the spur next south, it was not found to outcrop as a true 
limestone. The ore body is reported to be in a normal limestone Ix^tween quartzite 
walls (PI. XLV). Its general strike is northeastward; the dip is said to steepen in 
depth as follows: '* From surface to fifth level, average dip 32°; fifth to seventh, 

"Owing to the reported pn'tsem-e of wntcrup to the fifth level and to the iinsufe condition of tlj»' imlin*' tn tluit {x-jnt 
lhL«* prtiMTty was not examined by the writer. The description here given is based ui)oninfonnnti<»n suitplio<i Ity Mrssr<. 
i:. PjiL'xrctt. A. P. MayJx^rry, Charles I-ogg. and the Census and Mint reports. 
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SS"*; eighth to tenth, 42°; tenth to twelfth, 47°; twelfth, steeply. No faulting has 
been encountered. 

Occurrence of ore, — The ore is said to occur in lenticular shoots or pencils which 
lie on the plane of the quartzite foot wall. ' ' The mine has three regular ore pipes in 
the length of ground broken continuous from the surface, and new ones are coming 
in on the sixth and seventh levels southwest, and on the tenth southwest and north- 
east.' ' " The last superintendent states that ' ' the ore body on the lowest (1,450-foot) 
level is 2 to 18 feet thick, and 180 to 190 feet wide along strike. ' ' 

Composition of ore. — The ore carries gold, silver, and lead, and is essentially a 
lead-silver producer; lead seems to have been the chief component. Below, with 
the appearance of pyrite, some copper and gold may be expected. Oxidation is 
reported to extend to a depth of 1,200 feet.* ''Iron pyrites occur in the center ore 
pipes just above the eleventh level, cutting out the larger moiety of lead. ''^ 

Values, — In 1884 first-class ore was reported to average 50 per cent lead and 
9 ounces silver; second class, 20 per cent lead and 4i ounces silver. The general 
average of assay values gives lead 39.23 per cent, silver 9.33 ounces, and gold 0.057 
ounce. The known output to 1900 was 94,280 tons. 

REVERE MINE. 

Situation, — The Revere mine is situated 1,700 feet south of the Brooklyn, at 
the point where the main road from Yosemite crosses the divide of the first spur to 
the south. It is located on a strong fracture zone which strikes northeast and dips 
northwestward at an angle of 38°. This has been opened by an incline on the fissure 
which is now accessible to a depth of 150 feet, but is reported to be down 550 feet, 
and is said to have been connected with the main Brooklyn incline by a drift on the 
Brooklyn lode. The country rock is a breccia made up of angular, unconsolidated, 
siliceous fragments of quartzite, and possibly some limestone. At time of visit 
leasers were taking small quantities of rich ore from minor fractures within the 
breccia. Former extraction has left a good-sized stope, which descends as a sinuous 
pipe. In 1884 it was reported that '' 7,300 tons'* of Revere ore ''averaged 45 per 
cent lead, 22i ounces silver, and $3 gold per ton. ''^ 

YOSEMITE MINE.^ 

Situation and development. — The Yosemite is situated in the north fork of 
Yosemite Gulch, 600 feet northwest of the Brooklyn. It is on the Yo emite-Lark 
lode, which is developed here by an incline that has been carried down on the vein 

a Mint report, 1884, p. 417. 

b According to Charles Legg, "below surface;" according to A P Mayberry, "to twelfth level." 

e This mine is idle and Is reported to be under water to the upper levels. With the exception of the facts relating to the 

west tunnel, and concerning the head of the main incline, the information contained in this description has been obtained 

from Messrs. Hanauer, Daggett, leasers, employees, and from published reports. . 

10556— No. 38—05 21 
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to a depth of more than 800 feet by drifts (four t« the northeast and eight to the 
southwest); a west tunnel, driven westward for about 1,000 feet from a point on 
the outcrop of the vein 300 feet west of the main incline, and by adit tunnels, with 
connecting incline, on the rising outcrop. 

Geology. — The country rock is quartzite which dips northwestward at 
angles rangingfrora 32° to 45°. In the west drift the mineralized portion is a banded, 
tliinly laminated, cherty limestone which lies upon a quartzite foot wall. At head 
■ of main incline the foot wall is a ferruginous quartzite dipping northwestward at 
angles ranging from 32" to 44°. "The gangue of the vein is composed of quartz, 
clay, and talcose clay, stained with oxide of iron above the water line, or 450-foot 
level. ' ' " Cross fissures cut the zone of mineralization in west tunnel. 

Occurrenef oj ore. — The ore occurs in two positions: Elongated, lenticular shoots 
in the base of the limestone overlying the foot-wall quartzite, and in fissures. Thus, 
at Black slope, above the west tutmcl, an ore body stands nearly vertical in the Hine- 
stone and makes out thereon from a fissure. "There are five or six ore pipes in the 
length of ground broken, dipping in the vein from the southwest 45°. One-fifth uf 
the vein on its strike is ore pipes."* "One shoot was found from 20 lo 60 feet long, 
and 5 to 25 feet (average, 7 feet) wide, extending rom the surface Ui a depth of .'lUO 
feet. Another body of very clean carbonate ore began 160 feet from the surface 
and extended 100 feet, being 6 feet wide and 50 feet long. Various other small beds 
have been found. " " A shoot found by a leaser 500 feet west of the incline, between 
the 600- and SOO-foot levels, was about 6 feet in thickness, 100 feet wide on foot wall, 
narrowed and thinned downward, and pitched southwestward. The average assay 
value of shipments from the Yosemite No. 1 is 50 per cent lead. 14 ounces silvci, 
and 0.07 ounce gold ; .and the total product to 1900 is 30,000 tons. 

PAR.MKIX MIN'E. 

This mine ia situated 600 feet southwest of thp Vosoniitc, in the base of ilie 
Yosemite limestone. A tunnel extends about 400 feet southwesterly on the fuol- 
wall quartzite, and cuts a mineralized north west^southeast fissure. This fissure 
crosses a series of banded cherts and carries a seam of galena one-!iatf to U inches 
in thickness. 

ST. JOE MIJJE. 

Situation and development.— The St. Joe is situated on the south side of (he 
head slopes of Yosemite Gulch, about 2,000 feet east of the Telcgrapli mine, and 
1,600 feet south of the Brooklyn. The main tunnel extends about 

bHudUit, D, B., nnithO>Diui,ToL13,p.fil. »Ulnt rspoit, 1884, p 
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northwest direction (N. 65° W.) on a strdng northwest fissure in porphyry. Cross- 
cuts southwest on breccia zones extend roughly 50, 100, and 260 feet, respectively. 
Geology, — The tunnel pierced quartzite at its mouth, but within a short distance 
passed through a strongly brecciated zone of rock into firm porphyry, which continued 
to the face. The separate breccia zones lie under the main porphyry and at both 
the upper and lower contacts of a minor porphyry mass 100 feet in thickness. Trans- 
verse fractures cut both porphyry and breccia zones, and in the latter carry a moist 
material resembling mud, which has given rise to the name of "mud veins.' ' The 
mud veins are reported to have furnished most of the ore encountered thus far. 
Its value, as shown by a certificated assay, was lead, 26 per cent; silver, 12 ounces; 
gold, 0.04 ounce. 

NO-YOU-DON*T PROSPECTS. 

This property is situated 1,400 feet southeast of the Telegraph hoist, at the 
crest of the divide, on the eastern end of the Telegraph limestone. A^ this point 
an irregular dike-boss of porphyry breaks across the limestone and terminates 
it locally on the east. A short tunnel has been driven northward in discolored, 
crushed material resembling limestone, and a shaft is being sunk in similar 
material a few feet to the east. No pay ore has been encountered yet, but the 
staining of the limestone is suggestive. 

BADGER MINE. 

The Badger mine is situated in Lower Yosemite Gulch, 2,200 feet east- 
southeast of the Yosemite. It was not open at time of visit, but judging from 
surface indications exploration has proceeded on a contact between quartzite and 
overlying black chert. No ore was observed. 

CHICAGO MINE. 

This property is situated in Lower Yosemite Gulch, 1,800 feet east-northeast 
of the Badger. It was not open at time of visit. 

SAINTS' REST GULCH. 

Saints' Rest Gulch lies next south of Yosemite Gulch, and the two trend 
roughly parallel. Normal quartzites here strike northeast-southwest. Fossiliferous 
blue limestones cap the spurs to the south. Very little work has been done in this 
locality, and that is being directed toward exploring fissures in porphyry and quartz- 
ite, as in the Daylight Extension, or limestone contacts, as in the Lenox. 
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dike 175 feet west of the Eagle Bird drift, then continues in an intrusive. The 
Butterfield tunnel was not accessible at date of visit, an accident having occurred 
which temporarily interfered with collecting the supply of water required for the 
operation of a powerful fan. It is reported to cut a succession of quartzites and 
limestone in its outer portion and the series noted in the Queen tunnel in its inner 
portion. 

Since the intrusion of these dikes and dike sills this composite country rock has 
suffered fracturing along a series of northeast-southwest planes which dip 40° to 
85° to the northwest. Some of these are only barren fracture planes, along which 
the country rock has suffered crushing and movement; others carry mineral in 
varying degree and have been opened by drifts. Three of the latter have yielded 
valuable ore in paying quantities. These are the Queen, the Eagle Bird, and the 
Northern Chief fissures. 

QUEEN LODE. 

General features, — This lode was studied on the Queen level, where it is cut 
229 feet from the mouth and drifted on northeast and southwest for 500 feet. It 
is reported to have been worked through below and proved to be the same as the 
Bemis and Hiatt vein, and also to have been cut on Butterfield tunnel level. It 
strikes N. 50° E.,dips northwest at an angle of 45° between slickensided, intrusive 
walls, and varies in thickness between 5 and 10 feet. The zone is composed of 
crushed or shattered intrusive which is divided into lenses by slip planes. Along 
these planes oxidation, alteration, and mineralization have occurred. 

Ore. — The ore occurs in lenses on these seams. The stnicture of these lenses 
is often distinctly crustified. They are said to be richest where thev are thinnest, 
and some extra-rich ore (silver) extends up from the apparent fissure into tliin 
cracks in the hanging wall. In composition the ore is silver-lead sulphide, witli 
accessor^^ gold, iron, zinc, and a trace of copper. The gan^ue minerals include 
barite and rhodochrosite. 

Considerable high-grade, ruby silver ore is said to have been found in the roof, 
and lead on the foot. The ore is reported to carry silver (avora^^e), 40 ounces, 
(high), 90 ounces; lead, 15 per cent; gold, 83 to $4, as well as iron and zinc and a 
trace of copper. 

This vein has been cut on the Bemis and Hiatt level and Butterfield tunnel 
level, 100 and 1,000 feet, respectively, below Queen level, and accord inf^cly fur- 
nishes valuable evidence regarding the continuation of values in depth. Hunt ley 
records the value of ore from Queen and Bemis (next level below Queen) to averat^c: 
Silver, 65 ounces; lead, 4 J per cent; gold, $5; and that from Hiatt (same vein on 
Bemis and Hiatt level), silver, 23 ounces; lead, 9 per cent; gold, 85. On Butt(»r- 
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for its high copper values, which he at least in part in coveUite. Assays are reported 
to show copper, 19 per cent; lead, 29 per cent; silver, 14 ounces; gold, $19. The 
same zone is said to have been cut as a small vein on the Queen tunnel level, 'but 
has not yet been reached on the Butterfield tunnel level. 

SUMMARY OF VALUES. 

In brief, the chief carry of the Queen vein is silver with lead, of the Eagle Bird 
vein, gold, and of the Northern Chief, copper. 

LUCKY BOY TUNNEL. 

The Lucky Boy tunnel is situated between 400 and 500 feet southeast of the 
Queen, at the bottom of Black-jack Gulch. The property was not open at time of 
visit, but is worked at intervals by leasers. It is understood to be on a fissure 
which trends parallel to those cut by the Queen tunnel, and to have formerly 
afforded high-grade oxidized ore. It has also been stated that ' ' it is a contact 
vein and pitches into the hill at an angle of about 20°.^ ^ ^ The same writer con- 
tinues, ' * a long tunnel catches it on its dip 525 feet below the outcrop, and a level 
at that point, as well as one 250 feet lower, develops three ore pipes, which without 
doubt, are continuous to the surface.' ' It is from this property that the mineral 
' ' hickite^ ' was described. It is a variety of melanterite, a hydrous ferrous sulphate 
in which 1.9 per cent of the ferrous sulphate is replaced by manganous oxide. 
Mallardite, a hydrous manganese sulphate, and barite were also found liere. 

ADJACENT GULCHES. 

The north slope of Butterfield Canyon west from Black-jack Gulch to its hi^atl 
is cut by a number of gulches which expose geological features that an^ cliaract (er- 
istic of Butterfield Canyon. Massive quartzite includes two intercalated calcareons 
members, a thin, brown, calcareous sandstone, and a normal blue limestone. Tninu^- 
(liately overlying the upper of these two members is a persistent intrusive mass 
in the form of a sill, which forks at the east end and gives off a minor dike-sill 
northward. Toward the crest of the divide a dike-sill cuts massive quartzite. 
This composite country has undergone intense fracturing and fissuring. The* 
principal underground work in this vicinity has been done on a prominent fracture 
zone, and minor fractures and some igneous contacts have also been prospected. 

ST. JAMES MINE. 

Situation and development. — This property is situated near the crest of tli(^ 
main Bingham-Butterfield divide, at the head of the next gulch which unit(s with 
main Butterfield, west of Black-jack, 3,150 feet south of the Jordan cyanide mill, 

«MInt report. 1S8-I, p- -:20. 
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and 1 ,900 feet west of the Eagle Bird incline. It is located upon a strong north- 
east-southwest fissure and this has been opened by three tunnek and a shaft. 
The upper tunnel is in 155 feet; the middle, 60 to 75 feet below, is in 60 feet; 
the lowest is in 425 feet, with crosscuts, parallel drifts, and an inclined shaft; and 
a winze from between upper two tunnels extends 180 feet down to lowest tunnel. 

Geology, — The country rock is quartzite which strikes N. 80° W. and dips north- 
eastward at an angle of 15°. On the surface and in the two upper tunnels this 
appears to be the only rock, but the lower tunnel cuts an intrusive body which 
inclosed small horses of quartzite, banded limestone, and white limestone, or 
marble. Subsequent to the date of intrusion a powerful fracturing occurred, 
represented by a series of fractures which trend N. 25° E., and dip southeastward 
at an angle of 69°. In the main breccia zone, which lies east of the Main tunnel, 
an altered quartzite comes in for a distance of 6 feet and lies within the main breccia 
zone upon a foot wall of *' sugary" quartz. 

Ore. — The chief pay streak, 18 inches in width, is reported to carry 15 to 20 
ounces of gold, 30 ounces of silver, and some lead, with an average value of $35 
per ton. 

I-DON*T-CARE TUNNEL. 

This prospect is situated on the southwest slope of West Mountain in a gully 
next west of the main spur, just below the main road. It enters quartzite imme- 
diately below the limestone. No ore was observed. 

PINE CANYON AND BALTIMORE GULCH. 

Pine Canyon, with its southeastern branch, Baltimore Gukh. forms one of the 
main canyons in the western slope of the Oquirrh Range. Its slopes descend 
steeply to a broad, flat to convex bottom of gravels, which rises in an extensive 
fan of gravel at the mouth of Baltimore Gulch. These gravels carry quartzite, 
sandstone, impure calcareous sandstones, and limestone. These slopes are wooded 
or cliffed, and prominent ledges supply extensive talus deposits, which in turn feed 
the gravel bottom. The bed-rock series is varicolored quartzite, with soft, gray 
and buff sandstones. Tliin blue limestones outcrop on the main divide south 
of the Rosa, and on the west slope along the trail. The strike is due east-west, 
and the dip is northward at angles ranging from 30° to 45°. The chief properties 
in this locality are the Star and Copper Boy. 

STAR MINE. 

The Star mine is situated in the west wall of Pine Canyon, about 300 feet above 
and to the w^est of the mouth of Baltimore Gulch. It is on a blue limestone which 
has been opened at several points on its outcrop by tunnels and incline shafts. 
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At time of visit the main occurrence of ore was not accessible. In upper tunnels 
a thin zone of buff, earthy gouge was seen dipping gently northward between 
quartzite walla. Below, on tbe two main levels, this or a similar ocherous zone 
is reported to overlie the limestone at tbe base of tbe quartzite. This is said to 
carry tbe ore. At time of visit a new tunnel was being driven to tap tbe ore at a 
much lower level. The gold ore is treated in a cyanide mill of 25 tana capacity, 
which haw been erected immediately below the tunnels at the base of the slope. 
Tbe ore is said to carry i3 to 8S per ton. 



This property is situated at the head of Baltimore Gulch, 3.700 feet southeast 
of the Star mill. It was not open at time of visit ; it apparently extends southward 
through quartzite. No indications of ore were obser\-ed. 



CHAPTER VI. 

PliACERS. 

INTRODUCTION. 

Bingham is the only locality in the State where placer mining has been success- 
fully prosecuted.^ It leached its greatest development during the years 1868- 
1872, and since then has steadily waned until at present only a few scattered creek 
deposits are operated. The deposits which are known to carry gold have been practi- 
cally w^orked out with the exception of an extensive body of gold-bearing gravels 
that cover the bottom of lower Bingham Canyon to a considerable depth. 

Auriferous gravels occur on the walls and bottoms of Bingham Canyon and its 
tributaries through a vertical range of several hundered feet, in bench, rim, and 
creek deposits. The bench deposits have been opened in middle Bingham Canyon 
on Argonaut, Dixon, Cherikino, and upper Clays ground; in Carr Fork at the 
Gardella pit; and in lower Bingham Canyon »on the St. Louis, Lashbrook, and 
Schenk ground. Rim deposits were best developed in lower Bingham Canyon, 
where they have been opened by the Old Channel, Clays, and Mayberry workings. 
Shallow creek deposits have been worked at the Castro placer, in Bear Gulch; at the 
junction of Bingham Canyon and Carr Fork, and at other scattered localities. 
Deep creek gravels have been worked on West Mountain placer and Bingham 
placer ground in lower Bingham Canyon. Some of these deposits may be corre- 
lated in distinct channels. They indicate deposition at successively later and later 
periods during a general cutting of the valley down to lower and lower levels through 
five distinct stages of dissection. 

Most of the gold has been derived from croppings of ore-bearing limestone; 
some has undoubtedly come from auriferous copper-bearing monzonite and crop- 
pings of veins and lodes, and some possibly from quartzite. Far the greater portion 
lies in the Jowest 5 to 6 feet of uncemented gravel immediately above bed rock, 
though a little flour gold has been found in a few upper leads. The pay gravel was 
worked by tunnels on bed rock by lateral drifts from the bottom of shafts to bed 
rock, and in a few places by hydraulicking. The gold was usually recovered by 
ordinary sluicing. It is medium coarse, well waterwom, and battered. Values were 
variable, averaging 6 to 10 cents per yard in some bench deposits, over $2 a day in 
some rim deposits, over $2.75 in the Mayberry rim deposits, and about 10 cents a 
pan in some of the deep creek gravels. The fineness is reported to be between 0.850 
and 0.950. The total known output amounts to about $1,500,000. 

a Tenth Census, vol. 13, p. 419; also Mint report for 1870, p. 219; idem, 1885, p. 179. 
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Discovery. — The date of the discovery of placer gold in Bingham has been 
differently reported. One author states that placei-a were discovered in 1864." 
Some pioneers maintain tliat gold was first discovered in the gravela of this canyon 
in the fall of 1866,^ and was actively exploited by Peter Clays and G. W. Crowley" in 
the spring of 1867. Others hold that "free gold was first discovered in Bingham in 
1864 by a party of old Califoniians, who, returning from Montana to pass the winter 
in Salt Lake City, prospected the canyon in the early part of that year. It was not, 
however, until the spring of 1865 tliat much work was done in prospecting for gold 
in tlie gravels. ' "'' Placer gold was not. however, the scent which led to the develop- 
ment of the camp, as has been the ease with so many other camps of the West, for 
carbonates and sulphides of lead and copper had been discovered about two years 
before (see p. 81). The first successful operation upon high-level gravels was 
carried on in 1868. at a point about 1,000 feet above Myers's Hotel, 

Early activity. — ^The discovery that the Bingham gravels carried gold in pay 
quantities aroused great enthusiasm, and prospecting was thertnipon actively taken 
up. The results were satisfactory beyond expectation, for it appears that by l.'<70, 
despite the powerful opposition of Brigham Young, a million dollars in stream gold 
had been recovered from gravels in this district. In fact, this early period, fi-om 
18fi8 to 1872, proved to be that of maximum activity in gravel mining. 

Prenenl condition. — Since that time, so far as may be learned from inconii>lPte 
records, except during a slight revival in 1881, the placer output has steadily dcclineit. 
Some gravel mining has been intermittently carried on. As late as 1898 the Argonaut 
was hydraulicked. In December. 1002, Barthoiomeo Gardella, a veteran grnvel 
miner, was working the Dixon bar on its southern portion in the north slope of 
Dixon Gulch. And in recent years some sluicing has been conducted in Bear Guicli. 
The latest extensive operations in gravel mining, and perhaps the most ex]toiit;ive 
single piece of work ever undertaken in this line in the State, was the exploration of 
Weat Mountain ground toward the close of the nineties. Regarding this work, which 
is described in some detail in the general consideration of that properly ,'it is sulii- 
cient in this connection to state that it was eventually abandoned without having 
added significantly to the output. Recently the water-filled shaft and connei-ted 
workings of this company have been secured by mill operators-for the purpose ol' 
supplying water for use in wet concentration. Placers in Bingham have now ccji.M'd 
to be an important source of ore. 

idoro Morrli, (me ol the orlglnBl liwiton ot (he Old Jonlan H 
ol tte Tsmtoiy oI 17t»h, IS72, p. S. 



HISTORY AND DEVELOPMENT OF PLACER INDUSTRY. 838 

Character of gold. — ^The detrital gold obtained from Bingham gravek is coarse, 
ranging from one-half an ounce downward. It is reported to have shown typical 
facies, being pounded and flattened into flakes and scales which show puncturing 
and indenting by gravels. Some valuable nuggets have been found.'' 

The fineness of Bingham placer gold has been reported by two authors, and 
considerable difference appears. Egleston gives the pay contents of Utah (Bingham) 
gravel as follows: Fine gold, 967.5; fine silver, 132.5 (estimated); base metal, 
4.4; total cnide metal, 1,104.4.* Huntley states that the fine^^ess averages about 
0.852 gold and 0.140 silver.*^ • 

Occurrence of pay. — The general occurrence, so far as can be judged from 
information obtained from various sources, is like that characteristic of placer 
gold in old stream beds in various parts of the world. That is, pay occurs highest 
over bed rock or in the case of upper leads, over a relatively dense member, and 
best in the main channel, thinning outward toward the rims. This seems to have 
been found true in the gravel of various channels, whether high-lying patches, 
intermediate channels, or deep-lying gravels. 

In these gravels the values have been found to lie at two general horizons, 
namely, in upper leads and immediately overlying bed rock. (PI. XLVI.) Thus, 
in the so-called channel deposits, low values averaging $1 to $2 per day were found 
in a "gray wash' ' 8 to 10 feet in thickness, which lies 15 to 18 feet above bed rock 
upon 8 to 12 feet of waste, including poorly sorted soil, rock, and vegetable debris. 
But the principal source of pay was the ' ' red gravel ' ^ which immediately over- 
lies bed rock to a thickness ranging from 3 to 8 feet. Similarly, in the gravels 
as a whole, including this channel and all others thus far discovered in this local- 
ity, the bulk of the gold has been taken from the portions immediately overlying 
bed rock. 

The broad features of occurrence are illustrated by the following examples: 
In the exceptionally rich stretch adjacent to Damphool Gulch, opened by the 
Clays Brothers, pay was taken from the lowest 5 or 6 feet of gravel, and the highest 
values from the lowest portion. Although gold is said to have been most abun- 
dant in the high-lying remnants, worked at various points along the canyon wall, 
it has also been found to occur at higher levels, in that portion of the gravel which 
immediately overlies bed rock. Thus, in the ground explored by the Bingham 
Placer Company, in lower Bingham Canyon, some pay, composed chiefly of flaky 
gold, with some magnetic (?) iron, lay upon a firm floor of ''cement'' gravel, at 
a depth of 115 feet beneath the present stream level and at an elevation of at least 

a See Values, p. 337. 

b Egleston, Thomas, Metallurgy of Silver, Gold, and Mercury in the U. S., 1890, vol. 2, p. 261. 

<? Huntley, D. B., Tenth Census, vol. 13, p. 419. 
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135 feet above bed rock. This was probably one of the be-st-defined upper leads 
developed in the historj* of placer mining in Bingham. Another instance is fur- 
nished by recent sampling of the face of gravels exposed in the Argonaut cut. 
From thia it appears that the lowest 30 feet of gravel carries low vahtes through- 
out, although the lowest 5 feet yielded considerably liigher values. 

The occurrence in narrow channels on the rims of major channels is admi- 
rably illiistrat«d by the rim benches on the Mayberry and the Clays gi-ound. Thus 
the Mayberry bar was a deposit of pay gravel filling an early high channel 75 feet 
below the present surface. The width developed between the rims is about oO 
feet, and the length from a point where it leaves the present rock wall to that 
where it reenters the main channel is about 150 feet. Extensive exploration of 
the Clays bar adjacent lo Dampbool Gidch proved that the benches on which 
pay occurs there were remnants of channels cut in bed rock at three distinct levels 
during the general epoch of degradation. The upper bench lay 30 feet below 
the present level of the valley bottom, and was 60 feet in width. This fell off 
to a bench 20 feet wide at a depth of 20 feet below (250 feet below the surface), 
and that gave way to a third and probably later narrow channel 15 feet lower 
and 30 to 50 feet wide. Gold occurred in the gravel upon each of these benches, 
but the highest values occurred on the highest bench. 

As regards the distribution of gold longitudinally along the course of the 
streams, there appears to have been some localization of values in thai direction 
also. Thus the occurrence of the richest stretches appears to have been in gen- 
eral in the upper or headward portion of stream deposits. In certain insliiuccs, 
as in upper Bingham Canyon and Carr Fork, the position of these richer bars 
was clearly determined i>v the position of the source of their gold, for in thc^c 
localities pay occurred a short distance downstream from the poinls where Ihe 
stream crossed ore-bearing limestones. The occurrence of nuggets in the ground 
worked by the Clays Brothers, near Damphool Gulch, however, is not so readily 
understood, for gold-bearing members are not known to occur in that immediate 
vicinity. Its deposition in its present position may have been thie to repeated 
reworking of gravels far upstream, or it may be ascribed to unu.4ual How of water 
after extremely heavy sprmg storms. It is, of course, pos.sible that it was derived 
from an adjacent gold-bearing ore body which is still unknown. In a broad niiy, 
just as the size of gold particles is found to decrease from their parent ledge dnwn- 
streain, so it appears to grow finer from the upper to the lower purlioii ••( ilic 
Bingham Canyon. 

The nature of the association of gold with its inclosing gravel is in gciicnil 
that which i.* characteristic of unconsohdated materials. The gravel wliifh \va^ 
mined from the surface of bed rock at the extreme l(5wer portion of the spur betweei 
Bingham Canyon and Carr Fork, however, unlike the bulk of Bingham gn»vel^ 
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is reported to have been cemented, and to have required special treatment before 
the gold contents could be extracted. 

Exploitation. — The method of opening the pay areas and of extracting and 
removing the gold varies according to the location of the individual occurrences. 
Some deposits were hydraulicked, others were reached through shafts and lateral 
drifts off from their bottoms, a very few were so exposed as to permit working 
immediately on surface, and a number were operated through bed-rock tunnels. 
Thus, the Gardella and Argonaut were hydraulicked, the former in 1872 to a con- 
siderable depth and over a circular area, and the latter in a cut in gravels 200 feet 
long, 50 feet wide, and 50 feet high. The Argonaut hydraulicking was conducted 
under a head pressure of 100 feet, through a pipe 10 inches in diameter and three 
twenty-seconds inch in thickness, '' which carried from 300 to 400 miner's inches 
of water and threw a stream 80 feet in length from a 3-inch nozzle.^ In early 
times a part of this ground is reported to have been drifted.^ 

In exploiting the deposits at the mouth of Damphool Gulch the Clays Brothers 
sunk round shafts to bed rock and stoped out the lowest 5 or 6 feet of gravel for a 
distance of from 6 to 20 feet from the bottom of a shaft. Two days usually sufficed 
for sinking one of these shafts. The method was safe and cheap, because drifting 
was not carried far from the bottom of a shaft. The situation of the upper Clays 
bar in Bingham Canyon, above the mouth of Carr Fork, and of Dixon bar, permitted 
drifting in pay along bed rock from the surface upstream. In a similar way, the 
bottom gravels in West Mountain ground are said to have been opened by a bed- 
rock drift off from the base of the drainage shaft along the channel. In upper 
Bingham and Bear gulches the pay portion is exposed along its source directly 
to-day, so as to allow open-cut working. 

The pay gravel was removed in various ways. In hydraulicking the washings 
were of course led through sluices. In drift mining, the usual method — cross- 
cutting and stoping — was followed. In the Clays lower workings the gravel was 
hoisted in rawhide buckets by windlass. 

As to the early methods of saving the gold very little information could be 
obtained. Evidently they were very primitive. It is reported that in 1874 gold- 
bearing gravel was drifted out and *^ washed in sluices on the surface/ ^^ 

At present in Bear Gulch water is ponded and led through a short flume or 
sluiceway over the gravels and the gold is caught by California riffles. Sluices 
and riffles were undoubtedly utiUzed in saving the gold from the hydraulicked 
gravels, and a similar method seems to have been followed at the West Mountain 
placer. 

a Egleston, Thomas, Metallurgy of Silver, Gold, and Mercury in the U. S., 1890, vol. 2, p. 176. 

ft Tenth Census, vol. 13, p. 196. 

Huntley, D. B., Tenth Census, vol. 13, p. 420. 



The problem of suitable watpr supply lias ever been a serious one in working 
the auriferous gmvels of Binghnm. The usual scarcity of water foi washing has 
been experienced about l\w heads of canyous, while Ihe gravels which occupy the 
deepest channel in lower Bingliam Canyon contain such an abundant supply of 
water as to interfere with underground work. 

It has been said that from the eartiest days to the present washing has been 
hampered by an insufEcieiicy of stream water. In 1870 it was stated that ' 'owing 
to the scarcity of water, it (placer mining) could not be successfully followed except 
in the early part of the season, when the melting snow famished plenty of water.' ' " 
At the present day tlie preparations for working the gravels in Bear Gulch are timed 
so that the spring waters may be utilized. Although it may be that inaufTicient 
water supply might render profitable washing at the upper portions of the canyon 
and its forks uncertain, utilization of the present supply could be far more econom- 
ically conser\ed. Nor should it be felt that Bingham is less fortunate than many 
other placer localities in this respect. From replies to queries sent out by mining 
specialists engaged in the collection of data for the Tenth Census as to source of 
water utilized for placer mining, it appears that 82,93 per cent of the parties gave 
snow as the original source of their supply, 15.45 per cent rain, and 1.62 per cent 
both snow and rain. At Bingham there are heavy snows which last from early in 
the fall to late in the spring, and it would seem entirely feasible to collect the snow 
water in a cheap, but adequate reservoir and to economize its use by sluicing. 

On the other hand, an obstacle to the successful exploitation of the deep-iying 
gravels, which has long proved insurmountable, has been the excess of water. 
Accordingly, when the West Mountain Placer Company was organized in ISilS; this 
difficulty was considered and development was undertaken with this in mind. It 
was proposed to extend a system of drifts and shafts across the channel from rim 
to rim on the upstream side of the workable ground, to collect therein the subsurface 
flow of water, and to pump it thence to the surface, thus leaving the region below 
accessible for thorough exploitation. That this method has not succeeded is said 
to be due to insufficient pumping capacity. The present superintendent slates, 
however, that the capacity is sufficient to manage the main flow from upstream 
and that the uncontrolled How enters below the drainage cross section liy seepage 
downward from the overlying creek, from side streams, or from bed rock. It was 
afterwards proposed to govern this flow, which amounts to 100 gallons per minute, 
by operating an electric pump of 900 gallons power at a lower shaft. It seems 
probable that the entire drainage problem might have been solved more satisfac- 
torily by leading the excess water out tlirough a long drainage tunnel driven from. ■ 
below on bod rock. 

<■ Huntley, D. B., TenUiCeiuui, to]. a.p.iX. 
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Values, — The values in Bingham gravels, so far as may be judged from the 
meager data at hand, have not been high. The lowest 30 feet in the Argonaut cut 
are reported to have averaged 6 cents per cubic yard, and the lowest 5 feet to have 
averaged 18 cents. The Mayberry rim channel is said to have averaged $2.93 a pan. 
The lower rim channels worked by the Clays in the lower canyon are stated by Mr. 
Clays to have run fairly high — 6 pans it is said averaged 85, and in places the 
gravel ran 818 to $20 a yard. The gravel lying deep beneath the present stream 
level, upon the lowest bed rock, was found in the West Mountain workings to average 
8 to 10 cents a pan. In one instance it gave 81.56 from a single pan; and yielded 
several nuggets valued at from 40 to 50 cents, and one amounting to 81.66. The 
largest nugget known to have been taken from Bingham gravels is that found in 
August, 1876, near Damphool Gulch, by Mr. Daniel Clays, which is reported to have 
weighed 7 ounces and 15 pennyiveights and to have been valued at 8128. It has 
ranked since that date (so far as known without contradiction) as the largest single 
piece of gold ever found in Utah. 

Output — The total value of gold produced by the Bingham placers can not be 
stated with exactness. Precise returns were made for only a few years; general 
averages were stated for others, and no figures whatever were furnished for the 
greater portion of the period of operation. Thus many small amounts which have 
been taken out intermittently for the last nine years, but apparently not reported, 
must be omitted. The Argonaut is reported to have produced 8100,000, and the 
Clays diggings in the lower canyon, 8175,000. A single clean-up at the West Moun- 
tain is said to have yielded 8500. The following summary is based almost entirely 
upon the Mint reports, the best available data, but the resulting total is necessarily 
below rather than above the true total: 

Known output oj placer gold from Bingham, Utah. 

1869-70 1,000,000-600,000 

1871 100,000 

1872 100,000 

1873 (from Bi^ar Gulch) ^ 27, 000 

1874 85, 000 

1875 30, 000 

1880 ''20,000 

1881 1 16, 300 

1890 10, 000 

1891 2, 600 

1892 6, 000 

Total 1, 49(), 900 or 1,096,900 

"Tenth Census, vol. lA, p. 318. 
10556— No. 38 m 22 
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Future of the industry. — The only considerable body of gold-beiiring gravels in 
Bingham remaining unworked is that which fills the bottom of lower Bingham 
Canyon. Judging from all that can be ascertained regarding the facts brought 
out by its exploration and from the opinions of intelligent, trustworthy miners of 
extended local experience, detrital gold occurs there in paying quantities. 

In placer gold deposits, as in case of ore bodies in place, the most inaccessible, 
which are often those at depths, await the exhaustion of superficial and more acces- 
sible occurrences. Success in these gives confidence and draws capital to wider 
undertakings. Superficial pay gravels appear to have been worked out. Numer- 
ous isolated remnants of high-level channels have been explored from Upper Bing- 
ham to the Lead Mill station. Some of these paid well while they lasted; many 
proved unprofitable. The detrital gold which Ues deep beneath the present stream 
upon bed rock in the lower canyon awaits practical exploitation on a large scale. 
Upon the outcome of such operations on these deposits rests the future of placer 
mining in Bingham. 

HISTORY OF AURIFEROUS GRAVELS. 

In the following section some of the more important factors that were appar- 
ently involved in the deposition of gold-bearing gravels at Bingham are briefly 
considered. These include the development of the present topography, the distri- 
bution and sources of the gravels and of their included pay, the deposition of the 
placers, the correlation of the placers, and a r6sum6 of the history of the placers. 

Present topography — The Oquirrh Range rises steeply from elevations on the 
surrounding desert of about 5,000 feet to elevations on the main divide of over 
9,000 feet at the northern and over 10,000 feet at the southern portion of the 
range. Its actual lower slopes are buried beneath many hundred feet of rela- 
tively recent unconsoUdated deposits, so that it is only the upper portion of the 
entire mountains which appears above this blanket of waste and is to-day consid- 
ered the range. The eastern slope of the actual range probably descends beneath 
Salt Lake Valley on rougjily the same general inclination as is exposed in its upper 
portion, passing deeper and deeper until, well toward the eastern side of the area, it 
meets the much steeper western slope of the Wasatch. The variations in the local 
base-level determined by this heavy blanket of waste, and earlier by the inland sea 
which occupied this area, have played an important part in the development of 
the present topography of the range. A thorough consideration of these prob- 
lems requires more complete evidence than is now at hand and would lead far 
away from the more directly economic purpose of the present volume. The purely 
physiographic questions involved, including the main conclusions regarding this 
area, those regarding the Wasatch, and the correlation of the two, may be presented 
in a separate paper. 
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The visible slopes of the range are cut by numerous canyons trending roughly 
(east-west) transverse to the range. Bingham Canyon, the master stream of the 
region under special consideration, maintains a generally northeast course from 
the main divide to Salt Lake Valley, cutting obUquely across the eastern portion 
of the range. Short, deep, narrow, and steep-sided canyons head on the main divide 
and drain into Bingham Canyon from the west. The bottoms of the master canyons 
rise with comparatively gentle, regular, slopes, from the deserts far into the range, 
nearly to the main divide. Thus they have reached that state of balance between 
erosion and deposition known as ffradedy when, by duly wearing their slopes down 
or building them up with respect to the base-level of their basin, their capacity to 
do work becomes equal to the quantity of work they have to do.** Their head ward 
portions, however, rise from the partially graded stretch to the crest of the main 
divide by exceedingly steep slopes. The side canyons draining into these masters 
are, like them, narrow and steep, but differ in having less graded, more steeply 
sloping bottoms. Thus the main streams have cut deeply far toward their heads; 
the chief laterals have done the same to a less extent, but the numerous side gulUes 
rise abruptly. As a whole the master streams are fairly graded, and the principal 
side streams are partially graded in their lower and upper courses, and their side 
gullies are not graded. Thus, while all the canyons are narrow, the masters exhibit 
very narrow flat bottoms which extend short distances up the larger tributaries. 

The general eastern and western slopes of the range, the major divides between 
master streams, and the minor divides exhibit definite systematic modifications 
in form. In general the profiles of divides between streams draining eastward 
show a generally even, gradual, decUne to the Jordan Valley, with accented departures 
at top and bottom. Thus above this prevailing slope rise the peaks along the main 
divide; below it descends the sudden pitch-off eastward to the desert. In the 
region about Bingham Canyon the land form appears to comprise five elements. 
The prevailing slope is a moderately inclined, partially graded surface, above which 
rise precipitous ledgy peaks on the main divide, and below which abruptly descend 
the steeper slopes of the present canyon. Farther downward these slopes give 
way to flat valley bottoms, beneath which narrow steep-sided trenches have been 
cut. These several elements appear in fig. 9 (p. 344), which was prepared from 
an exact tracing from a photograph of the essential topographic features. In 
brief, the present topography, comprising several types of form, is composite. The 
production of this composite topography as a factor which influenced the deposi- 
tion of auriferous gravels is briefly described under the heading ''Stages of 
erosion," page 342. 

'I Davis, W. M., Jour. Geol., vol. 10, pp. 86,87. 
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Future of the industry. — The only considerable body of gold-be; ring gravels in 
BiagL&m remaining unworked Is that which fills the bottom of lower Bingham 
Canyon. Judging from all that can be ascertained regarding the facts brought 
out by its exploration and from the opinions of intelligent, trustworthy miners of 
extended local experience, detrital gold occurs there in paying quantities. 

In placer gold deposits, as in case of ore bodies in place, the most inacc(;ssible, 
which are often those at depths, await the exhaustion of superficial and more acces- 
sible occurrences. Success in these gives cotiiidence and draws capital to wider 
undertakings. Superficial pay gravels appear to have been worked out. Numer- 
ous isolated renmant^ of high-level channels have been explored from Upper Bing- 
ham to the Lead Slill station. Some of these paid well while they lasted; many 
proved unprofitable. The detrital gold which hes deep beneath the present stream 
upon bed rock in the lower canyon awaits practical exploitation on a large scale. 
Upon the outcome of such operations on these deposits rests the future of placer 
mining in Bingham. 

HISTORY OF AURIFEROUS GRAVELS. 

In the following section some of the more important factors that were appar- 
ently involved in the deposition of gold-bearing gravels at Bingham are briefly 
considered. These include the development of the present topography, the distri- 
bution and sources of the gravels and of their included pay, the deposition of the 
placers, the correlation of the placers, and a r^sumS of the historj^ of the pluci-i's. 

Present topogi-aphy — The Oquirrh Range rises steeply from elevations on Ihe 
surrounding desert of about 5,000 feet to elevations on the main divide of over 
9,000 feet at the northern and over 10,000 feet at the southern portion of the 
range. Its a(;tual lower slopes are buried beneath many hundred feet of rela- 
tively recent unconsolidated deposits, so that it is only the upper portion of the 
entire mountains wliicli appears above this blanket of waste and is to-duy consid- 
ered the range. The eastern slope of the actual range probably descends beneath 
Salt Lake Valley on rougjily the same general inchnation as is exposed in il.s upper 
portion, passing deeper and deeper until, well toward the eastern side of the urea, it 
meets the much steeper western slope of the Wasatch. The variations in the local 
base-level determined by this heavy blanket of waste, and earlier l)v the itilaiid sea 
which occupied this area, have played an important part in the tlevejopnienl of 
the present topography of the range. A thorough consideration of ihc-^i' |iriih- 
lems requires more complete evidence than is now at hand and would Ifini tar 
awiiy from the more directly economic purpose of the present volume. The pni'iOy 
physiographic questions involved, including the main eoncluaion-s rcgnrdini: ibis 
area, those regarding the Wasatch, and the correlation of the two, may he |ii'e>enti 
in a separate paper. 
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The visible slopes of the range are cut by numerous canyons trending roughly 
(east-west) transverse to the range. Bingham Canyon, the master stream of the 
region under special consideration, maintains a generally northeast course from 
the main divide to Salt Lake Valley, cutting obUquely across the eastern portion 
of the range. Short, deep, narrow, and steep-sided canyons head on the main divide 
and drain into Bingham Canyon from the west. The bottoms of the master canyons 
rise with comparatively gentle, regular, slopes, from the deserts far into the range, 
nearly to the main divide. Thus they have reached that state of balance between 
erosion and deposition known as graded, when, by duly wearing their slopes down 
or building them up with respect to the base-level of their basin, their capacity to 
do work becomes equal to the quantity of work they have to do.^ Their headward 
portions, however, rise from the partially graded stretch to the crest of the main 
divide by exceedingly steep slopes. The side canyons draining into these masters 
are, like them, narrow and steep, but differ in having less graded, more steeply 
sloping bottoms. Thus the main streams have cut deeply far toward their heads; 
the chief laterals have done the same to a less extent, but the numerous side gullies 
rise abruptly. As a whole the master streams are fairly graded, and the principal 
side streams are partially graded in their lower and upper courses, and their side 
guUies are not graded. Thus, while all the canyons are narrow, the masters exhibit 
very narrow flat bottoms which extend short distances up the larger tributaries. 

The general eastern and western slopes of the range, the major divides between 
master streams, and the minor divides exhibit definite systematic modifications 
in form. In general the profiles of divides between streams draining eastward 
show a generally even, gradual, decline to the Jordan Valley, with accented departures 
at top and bottom. Thus above this prevailing slope rise the peaks along the main 
divide; below it descends the sudden pitch-off eastward to the desert. In the 
region about Bingham Canyon the land form appears to comprise five elements. 
The prevailing slope is a moderately inclined, partially graded surface, above which 
rise precipitous lodgy peaks on the main divide, and below which abruptly descend 
the steeper slopes of the present canyon. Farther downward these slopes give 
way to flat valley bottoms, beneath which narrow steep-sided trenches have been 
cut. These several elements appear in fig. 9 (p. 344), which was prepared from 
an exact tracing from a photograph of the essential topographic features. In 
brief, the present topography, comprising several types of form, is composite. The 
production of this composite topography as a factor which influenced the deposi- 
tion of auriferous gravels is briefly described under the heading ''Stages of 
erosion," page 342. 

"Davis, W. M., Jour. Oool., vol. 10, pp. 86,87. 
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DiMribution of gravels. — Stream gravels occur in Bingham Canyon and adjoin- 
ing canyons in two forms, (1) as channel fillings covering the main bed-rock bot- 
toms, under present streams, creek gravel^' and (2) as deposits on earlier stream 
beds now left as isolated remnants upon canyon walls above present streams, 
bench gravels. 

The creek gravels include those lying in the immediate bed of the present 
creek (creek gravels proper), those lying on the rock walls (rim gravels), and those 
lying below the present creek level immediately upon the lowest bed rock (deep 
creek gravels). 

The creek gravels cover the bed of Bingham Canyon from the Jordan Desert 
well toward the head of the main canyon, and extend up Bear Gulch almost to its 
head, as well as up the other main forks of the canyon. Although interrupted 
locally by bed rock, they are practically continuous along these stretches. Their 
thickness decreases upstream. Thus near the mouth of the canyon, on the Bing- 
ham ground, a shaft that is reported to be down- 250 feet has not reached bed rock. 
Farther upstream, at West Mountain shaft, the thickness of the gravels is about 
150 feet; still farther above, at the mouth of Carr Fork, the thickness, it is under- 
stood, is about 60 feet; in upper Bear Gulch the thickness is about 15 to 20 feet, 
and thence headward, as well as in upper Bingham Canyon and Carr Fork, the 
thickness decreases. In short, the deposit of creek gravels as a whole has the form 
of a wedge, with the thick end downstream. 

Deep creek gravels have been explored in lower and middle Bingham (^anyon. 
Rim deposits have been opened in lower Bingham Canyon at a depth of 90 feet 
holow the present creek level, and from Damphool to Markham gulches at depths 
varying from 60 to 10 feet below the surface. And shallow creek gravels, or crcc^k 
gravels proper, have been worked in the bed of the present creek, ])rinri|)ally in 
upper Bingham Canyon and its headward branches, Carr Fork and Bear Giilcli. 
In general the inclination of the rims appears to be steeper than that of the j>resent 
stream, so that downstream they appear to descend deeper and deeper beneath 
the present creek level. 

Bench gravels are distributed in isolated patches at numerous points along 
the main canyon, in its middle and lower portions, at elevations rant^^inu: from JO 
to 375 feet above the present stream. Regarding certain of the iiii^hor pate lu\s 
it may only be said that they now occupy rock shelves carved ])y c^arly streams. 
Similarly some of the lower ones, like the rim deposits, fill remnants of old channels. 
hut a number of the deposits at intermediate elevations dearly he upon a distinc t 
V)eneh. A comparison of transverse profiles (PI. XLVI) of the canyon, at poini^ 
wluMH* these deposits occur, with the tracing showing the |)roniin(Mit topoirrapliic 
])()ints on the canyon walls (fig. 9) shows that the bench is the old preyaihn^ ura(le<l 



3 

X 



CO 



u 
a. 

< 
a. 



< 

o 

« 

CO 
UJ 

b. 

o 

(r 
a. 



8 



O 

c 

s 



OB 

<8 



ed 

a 
o 
bi 

ii 

<l 

o 



3 
(O 

< 

s 

o 

19 



O 

■fc 



3 

'a 

?3 




8 

m 

lO 



CQ 



OS 

3 
O 









5 






r 



.a 

•-3 





00 

o 



on 






c 





08 

«-> 

a 
o 






Si 
73 




a 

ce 
«« 

8 



< 



H 

M 

e 
;^. 

o 



•J 

o 

c 
y. 

X 

< 

a 
c 

-^ 

c 

c 

:^ 

c 



o 



7, 



o 

-I 

o 

H 

u 



o 






>^ § 

H 

H 
>^ 

w 

&« 

o 

y, 

o 

H 

y, 

•J 
o 

O 

^H 

o 

00 




8 



CO 



CO 



o 

8 





o 





on 




Cd 




>5 




^^ 








<5 




» 




U 




y 




•*! 




^ 




fM 




X^ 




►1 




^ 




H 




v. 




H* 


5^. 




.^, 


*^ 


^ 




>^ 


H 


^- 


30 

•A 


*-- 


s: 


'^ 




U4 


c 


(< 


•. 


-^ 


-1 


t-— 


H 




t 


^' 


•1 


^'^ 


/; 


1— t 




?Q 


P3 


fc 


-I 




H 


:/5 


*«} 


M 


CO 


.4 




^-» 




r 


^ 


>— 1 


-1 


^■^ 


M 


« 


O 


?H 


U9 


w 




•/; 


» 


^ 


o 


w 


C 


> 


i'. 


x 


< 


>^ 


B3 


< 


Cj 


^ 




H 


n 




Cu 




»^. 




«^ 




S'. 




o 




-^ 




H 




<1 




:j 




O 




^ 









X. 




to^ 




^ 




r^ 




1^ 




ts 




ac 



> 
•a 



•a 

V 

b 
A' 

CO 



o 



•a 

s 

o 
c 
U3 



il 






M 
S 

V 

a 

Cu, 



*- 



a 



o 

b 



o 

Z 

< 

o 

< 
I 
o 

ffi 
li. 

o 

UJ 

_j 

li. 
O 
a 
a. 



HISTORY OF AUBIFEB0U8 GRAVELS. 848 

southeastern shore of the Mesozoic continent was not far from the southern end 
of the Tintic Mountains. In post-Jurassic time the young continent received 
an important addition on its western edge — an upHft which was accompanied by 
a marked pUcation, producing folded ranges."'' 

The same writer continues: '^Tliis post-Carboniferous upHft inaugurated a 
decided change in the history of the area. Erosion was sub^ituted for sedimenta- 
tion and the new land area immediately began to have its surface wasted away. 
It appears probable that many thousand feet of Carboniferous strata have wholly 
disappeared from the Tintic region, and their erosion was pre-Tertiary.' ' * 

In view of the probable bulk of this range at this time to the south, and of the 
present maximum depression in the Great Basin (Great Salt Lake) to the north, 
it is not unreasonable to suppose that the range grew northward. .The Mediter- 
ranean of that period, now Great Salt Lake, grew shallower and shallower as the 
elevation extended northward. Down the north-northeast consequent slope flowed 
initial consequent streams, whose course is preserved to-day only by such master 
streams as Bingham Creek. 

The dissection which began at that time is still in progress. It has not pro- 
ceeded regularly, but by stages of greater and less intensity. During some of the 
less active stages cutting down gave way to filling up, and these gravels were 
deposited. 

Complete treatment of this problem involves thorough consideration of such 
factors as climatic variations, orographic and epirogenic movements, and factors 
determining synchronous degradation and aggradation. - The field study has not 
been sufficiently wide to afford data required for the adequate consideration of 
these factors. Some evidence, however, has been obtained, and that must suflSce 
for the present. In a broad way it is evident that general increase or decrease in 
precipitation would produce a corresponding change, other factors being constant, 
in stream degradation and aggradation. Ice erosion might produce characteristic 
topography. Broad land movements, either orographic or epirogenic, might produce 
similar results, according as the tilting hastened or retarded degradation. Differ- 
ential tilting along axes athwart stream courses — stream capture and diversion, 
etc. — are factors in synchronous degradation and aggradation. Finally, if Lake 
Bonneville had extended high enough on the eastern slope of the Oquirrh Range 
it might have caused the deposition of such deposits of detrital material as the 
gravels in lower Bingham Canyon. 

In general, records of precipitation in this region extend back only to about 1863, 
a period covering not even the deposition of tlie latest creek gravels, and are accord- 



ed Smith, G. O., and Tower, G. W., Geology and Mining Industry of Tintic district, Utah, Nineteenth Ann. Rept U. S. 
Geol. Survey, pt. 3, p. 671. 
bibid., p. 072. 
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creek gravels, espi'ciftllj in the lower canyon, which is reported to iiave been rounded, 
worn, and battered. Detrital gold in high values owurs in preek gravels imme- 
diately downatreani from the croppings nf the so-Vailed ' ' oxidized gold ores,' ' and 
these were doubtless the principal aoiirces of placer gold. The |)ay gravel of certain 
placer deposits, however, can hardly be assigned to that Boiiree. In upper Bear 
Gulch no ore-beaiing limestone crops upstream from the auriferous gravels, and 
reconstruction of topography does not make the derivation of all the gold from 
oxidized ore in limestoue seem more probable. Some of it may have come from 
croppings of ore on the Bazouk property, but the main source of the gold in this 
locality was more likely mineralized porpliyiy. Again, the occurrence of the largest 
single piece of gold known to have been found in Utah, adjacent to Damphool 
Gulch, far from the known croppings of any liighly mineralized limestone, calls for 
further explanation. This and associated coarse gold may have come from an 
adjacent ore body which still remains undiscovered, but it is more likely to have 
been derived from some fissure or Ume cropping at a more distant point and to 
have reached its present position by migration downstream. 

Some of the gold in this section has doubtless reached its position by oft- 
repeated transportation from some distance upstream. Some probably came 
from gold- and copper-bearing porphyries. Numerous assays of the Bingham 
monzonite on the Wall and Boston Consolidated properties indicate a constHnt 
though low content of gold. Furthermore, extensive observations on the Ahiskan 
placers, now borne out by detailed studies, tend to show that the pay in those 
rich gravels is not so largely derived from strong quartz veins as from innumeialtio 
minute veJnlets and impregnations that are generally disseminated throughout 
entire formations." In a similar manner it is not improbable that not only the 
intrusives carry fine gold, but also sedimentary formations, such as the great 
Bingham quartzite. In brief, the pay in the Bingliam placers was derived from 
the replacement and fissure ore bodie.t, from impregnattHl intrusives. and possibly 
in minor amounts from impregnated sediments. 

Stages of erosion. — The date of the initiation of erosion on the present Oquirrii 
Range can not be precisely stated. The lowest as well as the highest known sedi- 
ments outcropping' in the Bingham area have thus far been found to inchuie only 
upper Carboniferous faunas. No visible paleontologic or stratigrapliic record nf 
the geologic history of the area from that time until Quaternary' is known. If such 
record was written it lies hidden beneath the desert. 

Something may be determined regarding this area, however, by ciniiiiinisim 
with the history of adjoining regions. Regarding the histoPi' of the Tiniir Moun- 
tains, the southern extension of the Oquirrh Range, it has been tittitcil lliiit ' ' ih- 

<>UwoiuiBlsMn<si[aI1ieCiiinNoini>uud Nottoa Dny ItegliHie, .Alaska, In iinu. by A, n.arookii, O. II. Kii Inirl'-i < i 
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southeastern shore of the Mesozoic continent was not far from the southern end 
of the Tintic Mountains. In post-Jurassic time the young continent received 
an important addition on its western edge — an upUft which was accompanied by 
a marked plication, producing folded ranges." '' 

The same writer continues: '^This post-Carboniferous uplift inaugurated a 
decided change in the liistory of the area. Erosion was sub^ituted for sedimenta- 
tion and the new land area immediately began to have its surface wasted away. 
It appears probable that many thousand feet of Carboniferous strata have wholly 
disappeared from the Tintic region, and their erosion was pre-Tertiary.' ' * 

In view of the probable bulk of this range at this time to the south, and of the 
present maximum depression in the Great Basin (Great Salt Lake) to the north, 
it is not unreasonable to suppose that the range grew northward. The Mediter- 
ranean of that period, now Great Salt Lake, grew shallower and shallower as the 
elevation extended northward. Down the north-northeast consequent slope flowed 
initial consequent streams, whose course is preserved to-day only by such master 
streams as Bingham Creek. 

The dissection which began at that time is still in progress. It has not pro- 
ceeded regularly, but by stages of greater and less intensity. During some of the 
less active stages cutting down gave way to filling up, and these gravels were 
deposited. 

Complete treatment of this problem involves thorough consideration of such 
factors as climatic variations, orographic and epirogcnic movements, and factors 
determining synchronous degradation and aggradation! - The field study has not 
been sufficiently wide to afford data required for the adequate consideration of 
these factors. Some evidence, however, has been obtained, and that must suflBce 
for the present. In a broad way it is evident that general increase or decrease in 
precipitation would produce a corresponding change, other factors being constant, 
in stream degradation and aggradation. Ice erosion might produce characteristic 
topography. Broad land movements, either orographic or epirogenic, might produce 
similar results, according as the tilting hastened or retarded degradation. Differ- 
ential tilting along axes athwart stream courses — stream capture and diversion, 
etc. — are factors in synchronous degradation and aggradation. Finally, if Lake 
Bonneville had extended high enough on the eastern slope of the Oquirrh Range 
it might have caused the deposition of such deposits of detrital material as the 
gravels in lower Bingham Canyon. 

In general, records of precipitation in tliis region extend back only to about 1863, 
a period covering not even the deposition of the latest creek gravels, and are accord- 

« Smith, O. O., and Tower, G. W., Geology and Mining Industry of Tintic district, Utah, Nineteenth Ann. Rept U. 8. 
Geol. Survey, pi. 3, p. 671. 
«>Ibid., p. 672. 
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ingly valueless in intprpreting tlio great stages of erosion. Evidence of glactaiion 
lias not boeii] found. In his study of Lake Bonneville histor>- Gilbert described a 
fault along the west baso of the Oijuirrlis, on wliicli ho believed the range to be rela- 
tively rising on the east. Further, lio determined » broad opirogenic movement 
of the same phase which, like that on the fault, tends to tilt the range in post- 
Bonneville time toward the PUst. Such a movement, even of that recent date, 
would not affect the great erosion stageii, and it is believed the movements began 
at a much earlier period. As regards the influence of Lake Bonneville upon the 
deposition of the latest thick gravel deposits in lower Bingham Canyon, it is to be 
noted that the general upper limit of that water body assigned by Gilbert is 5,200 
feet, while the present elevation <if the surface of the gravels on West Mountain placer 
ground is 5,500, and their base at that point about 5.250. and that the Bonneville 




— ProBles Qt Blnitbatti Canjoa, ihowing >UgM nt croalan. Looking M 
Black Dog lunnel. a, Milura oyclp. Iicuch graTcl ct*^^ b, ymilhful 03f]e. I'liiiymi stuiiv; i, 
HggrsdBtlOQ cyvl'. cnck gruvei gtage; d, prrteat r^cle, Tvrent Jl»wtion staKi'. 

bench on the eastern slope of the range within the Bingham area was not noted 
at or above the 5,2.50 level. These evidences are in accord witli Gilbert's opinion 
of the extent of Lake Bonneville in this locality as depicted on his nuip. which sIkiws 
tiie upper limit of the lake extencling considerably to the ea.it of tlic etislecn roothills 
of the Oquirrhs, and thus below Bu^bam Canyon. Although Ihis wiiuld iifipcar 
to eliminate this factor in the deposition of even the most recent gravels, the ijucslion 
is a broad one whose final solution must await more extended .study of ncenl lund 
movements and of the eastern continuations of the Bingham Creek gravel.- limn 
was practicable durijig the present survey. Lithologic differences and geuluific 
structures fail to explain the systematic topographic features. The Iniid (onwn 
themselves can best tell their history. 




346 QECILOQY OF BINOTIAM MIMNO DISTRICT, UTAH. 



tionod, during which a heavy deposit of gravel, over 250 feet hi thickness, was 
laid down in lower Bingham Canyon and a conterminous though gradually thin- 
ning deposit was laid down in middle and even upper Bingham Canyon. Deposition 
at other periods is mai'ked by the bench-gravel deposits. The possibility that all 
the gravels were deposited during a single long period of deposition ihpt lasted 
initil the filling reached the highest point at which gravels occur, and that in the 
couree of their removal downi to their present level the benches escaped as rem- 
nant.s, appears highly improbable. 

Their positions and the character of their rock bottoms make it probable 
that the bench graveb were laid down tm beds of warly streams which then flowed 
at the elevations of the benches. The lack of data on various bench deposits and 
their comparative isolation and scantiness rondei-s knowledge of their relation* 
ship, of their possible continuance, and thus of their extent, very imperfect. 
Accordingly, it can not be positively known whether they were deposited during 
periods of general deposition throughout the canyon or were of only local deposi- 
tion. It seems probable, however, that the high benches are merely remnants 
of local deposits which escaped removal during subsequent erosion by virtue of 
their isolation beyond the course of later streams. Lower bench gravels, as in 
the Dixon and Argonaut, show more continuity and so far suggest more extensive 
deposition. Their origin, however, appears to have been hke that of the higher 
benches. 

The rim gravels, so far as position on inclosing rock walls is concerned, are 
genetically like the bench gravels. Their position with regard to the creek gmvpls, 
however, au^esta the alternative possibility that they may have been deposited 
during the period of the general deposition of creek gravel-i. The relative dates 
of the deposition of the rim and the adjacent creek gravels are indicated i>y several 
features. A section across the gravels will show the relation of the Hni gravels 
and the beds overlying those at a corresponding elevation in the main chnunel. 
Again, a vertical exposure of the members composing the bedding of the innin 
channel, as in a shaft, will prove the presence or absence of an ii|)|>ei- lend in ihr 
main channel at the elevation of the rim pay. Further, the general chiii«iter 
of the rim gravels as regards decomposition, rock association, consolidation, elc. 
as compared with that of possibly contemporaneous gravel in the main ilmniiel. 
is often sufficient to prove their relative age. These criteria have nol been dcvij- 
oped in Bingham, and accordingly the relative ages of rim and creek ^jrnvils imii 
not be stated with certainty. The fact, however, that rich gnivcl lin.- nol l»4ii 
found at corresponding heights in the main channel, that rim gold iHflVi> in rlmr- 
acter, and that in some instances deep-creek gravel is re|)orted to li«ve yii'ldfd 
extra high values on bed rock immediately downstreani from the rim di'|iiisi 
strongly suggests that the Clays, and probably Old Channel rim depoi^it.s, ny nli|(i 
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than the creek gravels in their vicinity. If this be true, they would be older than 
the creek gravels, and thus would be genetically related to the bench gravels. 

It is thus evident that the deposition of the gold in these gravels takes place 
by a double process of repeated natural concentration. On being released from 
bed rock by erosion, gold is shed into streams, and by being successively trans- 
ported down the stream and deposited becomes concentrated. Gold-bearing 
gravels were early deposited on the bed of streams long before the present canyon 
assumed its present form. Subsequently, streams cut down through those gravels, 
left portions lying on the walls as benches, and carried other portions, with the 
included gold, down to its deeper bed. By many repetitions of this process, shown 
by the increased rounding of the gravel and gold in the deeper later deposits, the 
gold has been lowered from higher to lower and lower levels and thus concentrated 
again and again. 

Correlation of placers, — In some placer districts only certain channels are worth 
working. The correlation of channels, especially when they are numerous, then 
becomes of prime importance. The valuable and worthless ores are thus dis- 
tinguished with a view to concentrating work on those which are most Ukely to 
yietd a profit. 

At Bingham the several placers have all yielded pay and belong to a single 
drainage system. Their correlation is not, therefore, of much practical importance. 
The principal value arising from such correlation would be for the information 
afforded regarding changes in grade of stream beds from earUest to latest ones 
and thus regarding broad earth movements. 

The data required for such close correlation is not to be obtained. Comparative 
sections of capping, alternation of sediments with volcanics, grades of channel inter- 
sections, etc., all of which may be so clearly determined elsewhere, are not present 
or accessible in this region. General observations have been made on such features 
as elevations and general character of gravel. 

A few broad probabilities may be stated. The correlation of the high benches 
offers the greatest difficulty. In view of the agreement in elevation, width of 
channel, value of pay, and character of gold, there seems no reasonable doubt 
that the Argonaut and Dixon are portions of the same channel. The view enter- 
tained by some that the Gardella is also to be correlated with this channel is contro- 
verted by the wide discrepancy in elevation. This objection can be removed only 
by hypothecating a strong fault, for which no visible evidence has been found. 
Neither does a comparison of the elevation of the St. Louis pit with the elevations 
of the pits of the Dixon and Argonaut appear to warrant its correlation with this 
channel. For that channel to reach the St. Louis would require a grade that was 
not only flatter than main bed rock, but even flatter than the present graded valley 
bottom. As regards the relation of the Clays and Old Channel rim deposits, it is 



848 GEOLOG7 OF BINGHAM MINING DISTRICT, UTAH. 

to be noted that their elevations agree, but some of the days gravel was cemented, 
while that of tlic Old Channel was not, and the days rim showed three channels, 
while the Old Channel was not so reported. Accordingly it is uncertain whether 
these are the same or whether one is later and cut out the other. Although not 
yet proved^ it is not improbable that upper leads in West Mountain ground will 
prove to be continuous with that of the Bingham placer. 

The profile of the present creek showing bed rock where encountered affords 
a suggestive comparison. Bed rock appears to descend deeper and deeper beneath 
the surface of the gravels downstream. Or the gravels may be said to thicken 
downstream. In other words, the slope of the present stream bed is less than that 
of bed rock. This may indicate either more perfected grading at present or a tilting 
toward the east. The tilting seems somewhat more probable in view of the fact 
that in recent time the present stream has dissected the bottom gravel deeper in 
the upper portion of Bingham Canyon than in the lower or outer portion. That is, 
three known stream grades appear to indicate a tilt eastward along a north-south 
axis located toward the head of the canyon. 

lirfiumti of history of gravels. — In post-Carboniferous time the Oquirrh Range 
gradually emergeu above water level and grew northward. Streams flowed north- 
ward down its slopes and began the work which Bingham Creek and its tributaries 
are to-day carrying on. That work consisted of wearing down the surface, cutting 
valleys, and transporting downstream the product of that erosion — that is, develop- 
ing the present topography. Although the general action has been dissection, 
this has been interrupted for relatively short periods at local points or in special 
instances throughout the length of the canyon by deposition. The removal of the 
various rocks and of their included gold values from their positions in place, and 
their subsequent deposition as placers, constitutes the history" of the auriferous 
gravels. 

This generally continuous dissection has been made possible by a broad uplift 
with slight eastward tilting of the entire region, accomplished during definit 
stages which were characterized by elevation followed by quiescenc(» and dograd; 
tion, and by subsequent aggradation which may be due to slight depression. Th 
the present topography indicates that a long early cycle was interrupt (h1 by 
elevation of many hundred feet, introducing reduction of that land surface* to nu 
rity, then succeeded by a pronounced uplift initiating dissection, wliicli was ir 
rupted in early youth by aggradation. This deposition and succccMliiitr s 
dissection of gravels may have been due to minor depre^jsion and elevation sr 
sively in the course of general elevation. 

Huring these land movements the activity of the erosive* agents ha^ 
*^ *>n early date auriferous gravel was formed by the cro 
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auriferous rocks. Portions deposited in stream beds were subsequently left as 
benches by further stream incision. Repeated deposition and subsequent dissection 
have produced a series of liigh bench and rim deposits of auriferous gravel. The 
principal deposits of auriferous gravel were laid down (1) at the close of the erosion 
stage, marked by the mature slopes, and (2) after the close of the cutting of the 
recent canyon and the succeeding depression. The former is recorded by the 
Argonaut and Dixon bench gravels, and the latter by the wedge of creek gravels. 
Each removal of gravel and its included pay from higher to lower levels, as well 
as each transportation downstream, has acted further to sort and to concentrate 
the gold. Thus the present creek gravels, including their eastern continuation, 
include all the gold released from bed rock from earliest to latest time, except the 
relatively small per cent left on the benches and that removed by man. The 
present recent dissection of the creek gravels and any normal succession of activities 
which may follow will continue this process of natural concentration of the placer 
gold. 

DESCRIPTIONS OF PLACER MINES. 

The placer mines of Bingham are in a condition that is unfavorable to critical 
study. The principal workings are inaccessible, reUable information is scarce, and 
detailed facts of occurrence required for adequate correlation can not be obtained. 
Yet certain broad features of location, development, occurrence, values, etc., have 
been learned by conversation with operators and by observation, and these features 
afiFord a basis for general descriptions of the principal workings. 

The several productive areas will be described in the following geographic order: 
upper Bingham Canyon, Bear Gulch, middle Bingham Canyon, Carr Fork, and 
lower Bingham Canyon. The deposits in each of these locaUties will be considered 
roughly in the order of their occurrence on benches, on rims, and on the canyon 
bottom at or below the present creek level. 

UPPER BINGHAM CANYON. 

Creek gravels, — The gravels in upper Bingham Canyon which have yielded 
gold are the deposits filling the main valley bottom. They are recent shallow 
deposits of waterworn subangular gravel, including quartzite, porphyry, and 
limestone. Pay is reported to have occurred in the base of these gravels upon 
bed rock. 

In general, the gold occurred just downstream from the points where ore- 
bearing members are crossed by the creek. Thus, large nuggets are said to have 
been found near the present Niagara mine, and in the early days it is reported that 
rich gravel was found in the main canyon from the point where the stream crosses 
the Old Jordan limestone down to and below its junction with Bear Gulch. 
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BEAR GtTlXH. 

Creek gravels.— T\\e chief locality in Bear Gulch where gravels are now worked 
liea about 1,500 feet upstream frum the Telegraph mine. Inferbedded angular 
quartzite and subangular fragments of intrusives occur here to a depth of 10 to 15 
feet (see PI. XLVIIT). Recent stream cutting has exposed at the base of these 
deposits, immediately upon bed reels, a fine, poorly washed gravel wliich bears 
gold. This was worked from 1868 to 1872 by an experienced placer miner named 
Castro, and is still exploited annually on a small scale. At time of visit (19IH)) 
preparations were being made to work this deposit during the spring, when melting 
snows suificiently augment the weak stream to permit sluicing and washing over 
C'fthfomia riffles. 

HIDDLF: BINGTIAM 



In Bingham Canyon, between Bear Gulch and Markham Gulch, were worked 
the most extensive and valuable bench gravels in the district and some creek 
gravels. The bench deposits include, in the order of their elevation* above the 
present stream, the following: Argonaut pit, Dixon channel, Cherikino bar, and 
Clays bar. Creek placers which were worked include the Heaton & Campbell placer 
and suiface workings ou recent deposits. The general features of each of these 
workings will be briefly described in the order given above. 



Ai-f/onaut pit. — The Argonaut deposits extend across the end of the >jiiir 
between Carr Fork and Dixon Gulch, at an elevation of 37.5 feet above the [in'Miit 
level of Bingham Creek (see Pi. XLIX, A). They appear to fill a well-dc lined 
old channel or bench to a thickness of at least 60 feet (see general section on PI. 
SLVI). An excellent exposure shows the deposit to be made up in genend of n 
capping of fine sand and gravel underlain by cross-bedded lense.s of sand: black, 
carbonaceous detrital deposits; ferruginous subangular material, beconiirp finer 
downward: carbonaceous material; coarse subangular material from 1 Iji fi iru'hcs 
in diameter: a lower carbonaceous bed, and a base hidden by Uilus. The bed ruik 
is smoothly waterw'oni. The correlation of thi.s gravel with that in lli<' Dixon 
channel to the north and the Gardelia pit to the south is lorisidfreil nrnlci' ihc 
descriptions of thostr respective properties. 

In the early days the base of this bank of gravel was ex|ilorcd by siiinll ii|u'ii 
cuts along the exposures of the channel bottom in Carr Fork and l)ixot\ (inlch. 
These developments apparently warranted more extensive work. A livilniiilir 
plant was installed, capable of throwing an 80-foot stream through n ;i-inrli n-i/./lc. 
and the depasit has been piped from Carr Fork to Dixon Gulch froin siiirin i' in LiJ 
rock. The resulting cut is about 200 feet long by 50 wide and fio hi^h 
WHS led eastward by channel cut in bed rock and sluiced in i)i\nii 
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The values contained in this deposit were recently carefully sampled in connec- 
tion with a lawsuit. It appears that the lowest 30 feet of gravel now exposed in 
the face of the main cut averaged 6 cents per cubic yard, and that the lowest 5 feet 
averaged 18 cents. The total output from these workings can not be stated with 
certainty, but it is generally held that it is approximately $100,000. 

Dixon channel, — The Dixon channel is located on a bench in the southern wall 
of Bingham Canyon, on the spur between Dixon and Markham gulches, at an ele- 
vation above Bingham Creek of about 350 feet at its upper end and about 300 at 
its lower end. The bed rock on rims and channel was not accessible for determi- 
nation of present elevation and grade. The upstream end of this deposit lies just 
across Dixon Gulch and only 125 feet north from the Argonaut. The accordant 
elevations of bed rock in these two workings, as well as the general character of 
the channel, seem to substantiate the general belief that the Argonaut and Dixon 
workings are on portions of the same bench or channel. 

This channel was worked in 1868. The exposure on the wall of the canyon of 
the downstream portion of this deposit has been worked by an open cut; two shafts 
40 and 50 feet deep have been sunk, a bed-rock tunnel was run by the Dixon Brothers 
upstream for a distance of 80 feet, and in 1902 Gardella was working the upper por- 
tion of this deposit. This thorough exploration proves the deposit to be a filling of 
gravels in a stream channel to a depth of approximately 50 feet. The channel is 
stated to be 25 to 100 feet wide, with a flat stretch, some irregular steep portions, 
and a notable pothole. Rims 15 to 50 feet wide have been found. 

Information as to the character of gold and average value of pay is scarce. 
In general the gold is said to have been of medium size, and evenly rather than 
thickly distributed, so that a moderate and constant rather than a high saving was 
effected. No figures on output could be obtained. 

Cherikino bar. — Lower bench gravels have been worked in middle Bingham 
Canyon at several points. On the northeast side of the canyon, in the rear of Rogers's 
custom concentration mill, or about 4,000 feet upstream from the mouth of Carr 
Fork, is a deposit which appears to be one of the most extensive masses of gravels 
known above the extreme outer portion of the canyon. Its general appearance is 
that of a shelf or bench of solid gravel, approximately 250 feet in thickness, 1,500 feet 
in length, and 500 feet in breath. Waterworn gravels cap this bench, are plentiful 
on the slopes below, and appear interbedded with waterworn sand and subangular 
float along Ihe railroad. They have been insufficiently explored underground, 
however, to prove their true character and extent. A tunnel has been run into the 
base of these gravels about 50 feet above the creek level, but the results obtained 
were not to be learned. It is reported that considerable work was done here in the 
early days by two Italians, Cherikino and Bretano, and that they developed a well- 
defined channel at an elevation somewhat abov^ the present creek level. 
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Olay^ heneh. — ^At the junction of Cair Fork and Bioghmn ('anyon, overlying 
the lower |)ortion of the interv'cning spur, occmn one of the Ini^est ami richest 
(lepoaits of gravel in tliis region. It lies iipon quartzitc about 50 feet above Carr 
Fork Creek on the west and al)out 30 feet above Bingham Creek on the southeast. 
Its intiximuni dimensions are 1,000 feet in north-south and east-west directions, and 
I5U to 200 feet in tliickness. 

The gravel composing this mass includes angular and suhangular quartzite, 
granular (ine-grained monzonite (found in main Bingham Canyon), coarse por- 
phyry (found in Carr Fork), and quartzite breccia. The base of the deposit is made 
up of well-rounded, fairly coarse fi-agnients of fine-grained intrusives, quartzites, 
and cherty limestones, which are cemented by coarse waterwom quartz sand. 
Between these basal cemented gravels and the quartzite inten,'ene9 a layer of 
smoothed and polished ferruginous breccia, reachingin places a thicknessof 6 inches. 

Development work in the base of this mass comprises numerous short bed-rock 
tunnels from Bingham Canyon, the Gardella hydraulic pits, and a long tunnel on bed 
rock in Carr Fork. This tunnel was driven from the north end of the deposit, 
under the center of the spur, for 800 feet, whence h fork to the south connects it 
with Gardella pit and with Bingham Canyon. It proves the presence hen- of a 
narrow channel. 

The gold found here was, as a whole, coaTse. The best A^alues occurred in 
the base of the gravels upon bed rock, but some gold was taken from an upper lead 
150 feet above bed rock. It waa in this deposit, at a point about 1,000 feel iibove 
Myers's Hotel, that the first successful operations (1868} on bench gravels in 
tliis district were conducted. Later the Clays Brothers worked here with greal 
success. A Uttle mining, screening, and washing is still carried on. .Vlthou^li 
no definite estimate of vahies nor output was obtainable, it is reported tlmt a 
large amount of coarse gold was richly distributed in the basjtl gmvcl imd whs 
saved at considerable profit. 



Beaton <& Campbell placer. — N» direct information was ^aiiiol uboul drift 
workings in creek gravels in the upper and middle portions of the ciinynn. The 
following quotations indicate, however, that the gravel overlying the lowest portion 
of the main channel (supposed to be about .30 to 60 feet in thickness) lias been 
profitably exploited. 

In 1S70 it was stated" that — 

''Tlie best-infonned parties think that the bed rock nf Binjrliiim (iniyM «ill 
prove equally as rich as the famed 'Alder Gulch* of Montana. . . ,\lc"i'^, 

Ilcaton, Campbell &, Co. are now working the bed rock of this gnli'h, ncur ihc ni.-inh 
of Carr Fork, which thoy have reached after two years labor and the 

• Kelwy, K. B., iUni^ml llpsoiinva ol the ITnltM BlutL'B. IKTI, II. W. 1(u>'uirma, |<. 
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$15,000 by a long drain tunnel. They informed me that they are averaging $12 per 
day to the hand, notwithstanding the imperfect manner in which they are at present 
obliged to work their ground. They have not as yet run any side drifts, and at 
present raise all their dirt by a windlass worked by two men. When we take into 
consideration the fact that from the pay dirt excavated by one drifter enough gold 
is washed to pay six hands $12 per day each, or a total of $72, abundant evidence 
is given that the gulch of Bingham is very rich in gold.' ' 

This early work is imderstood to have been accomplished through a tunnel, 
1,000 feet in length, which extended up both Carr Fork and Bingham Canyon. 
It is reported to have paid well.^ It is further stated that in 1880 another timnel 
here had reached a length of 1,500 feet and that ''every 250 feet a shaft is sunk 
through the 60 feet of overlying debris. The gravel drifted out is washed in sluices 
on the surface. The pay is found within 5 feet of the bed rock covered by a stratum 
of cement an inch or two thick. The channel here is about 60 feet wide and though 
rather spotted, owing to its steep grade, has pwd good wages.' ' " 

Creek workings, — In Bingham Canyon the recent gravels in the present creek 
bed have been worked from a point about opposite the old Kogers mill downstream 
for about 2,200 feet to a point about 1,600 feet above the mouth of Carr Fork. 
Recent stream cutting exposes a succession of fine gravel, sand, carbonaceous 
matjerial, and fragments of roots, trees, etc. (See PI. XLIX, B,) At the bottom 
of this cutting some work is said to have been done in sluicing gravel fix>m the 
present stream bed, but nothing further has been learned. 

CARR FORK. 
BENCH OBAVELS. 

Two bench placer deposits have been worked in Carr Fork, both on the south- 
east wall of the canyon, one nearly opposite the mouth of Cottonwood Gulch, 
and the other downstream near the mouth of Carr Fork. The former lies at an 
elevation of 60 to 80 feet above the creek, and has been explored by a small open 
cut. No information was obtained about this deposit, and it is believed to have 
been unimportant. 

Oardella pit. — This pit is a portion of the extensive and rich body of gravels 
lying between the lower part of Carr Fork and Bingham Canyon. The workings 
on this deposit from Carr Fork include a number of short drifts extending south- 
eastward in the base of the gravel and an extensive open cut. It is reported that 
this cut was hydraulicked in 1872 by Bartholomeo Gardella. A considerable 
circular area of bed rock and a face of gravel over 100 feet in height have been 
exposed. The general features of this deposit and of its included values are con- 
sidered under the deposits of middle Bingham Canyon, in connection with the 

<i Tenth Census, p. 4aili 
10556— No. 38—05 23 
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flays workings. The opinion is held by some Bingham placer miners that the 
Gardella, Clays bench, and Argonaut placers are portions of the same deposit. 
A comparison of elevation, location, and gravel tends to show that the Gardella 
and (Hays deposits are probably equivalent. That these deposits are also to be 
correlated with those on the jVrgonaut and Dixon placers, immediately to the 
north on the opposite side of Can- Fork, is, however, doubtful. The bed rock 
channel overlain by the Argonaut gravels, though barely 900 feet distant, stands 
at about the same elevation a.s the top of the Gardella open cut, or over 100 feet 
above the bed-rock channel of the Garde! la-t'lays gravels. In explanation of 
this abnormal difference in elevations, clearly inexplicable on a basis of natural 
stream grades, those who believe in the unity of these deposits introduce a fault 
along lower Carr Fork with downthrow on the southeast. Faults of recent date 
are known to have dislocated giavels. Near-by examples are to be observed along 
the great Wasatch fault along the western foot of tliat range, notably adjacent 
to the mouth of Little Cottonwood Canyon, where a moraine and discrete material 
recently deposited in fans are distinctly faulted. Excellent instances of the faults 
ing of auriferous gravels have been studied by Lindgren at Laport, in Plumas 
County, Cal. Although such Faulting as is required by this explanation ha.s been 
found elsewhere and may exist in Bingham, the concrete evidence of its existence 
here has not been found. 



Mixed gravel on the bottom of Carr Fork has carried liigh gold values. The 
principal pay portions occnrreti downstream from the Highland Boy atid Stewnrt 
lioiestones, and the richest stretchea reported were just "below the Slewan mine 
and adjacent to the mouth of Cottonwood Gulch. One pioneer Binghiim pljucr 
miner states that he saved S300 a day from creek gravels in CaiT Fork. Xi> ilcinils 
could be learned regarding exact position of pay, the character of gold, nr the 
values saved. 

LOWER UINQHAM CANTOS. 

In Bingham Canyon, between Markhani Gulch and the mouth nf the i-nnyon, 
bench, rim. shallow, and deep creek gravels have been worked, and the rini and 
deep-creek placers have been more extensively operated here than in any other 
part of the camp. The bench gravels, which are in this section of leas! impnr- 
tance, include (from highest to lowest) the St. Louis placer (Old Channel Com- 
pany), Lashbmok bench, Howard hydraulic pit, and Sohenk placer. Him ginvcls, 
which have probably afforded the best returns in both value.-; and lounurilf. kiU'Wii 
in the district, have been worked at various points on the ''Old {■bniinil,' ' ( '!ii\s 
rim, and Mayberry rim. And creek gravels have been eslensivcK uin'iu'd iIith 
beneath the present creek in Weat Mountain and Bingham jilnrer n 
several placers will be briefly described in the order given iibcjvc. 
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BENCH GRAVEI^. 



St. Louis workings. — On the northeast wall of the main canyon, from a point 
about 300 feet above the Winamuck, remnants of bench gravels occur between 
300 and 400 feet above the creek at intervals through a distance of about 2,000 
feet. Gravels on the slope above the Winamuck include large well-rounded bowl- 
ders of quartzite, quartzite breccia, porphyry, and cherty lime. 

The principal work on this series of bench deposits has been done in the most 
northern body. This property, known as the St. Louis placer, also as the White 
channel, was exploited by the Old Channel Company, which excavated a pit that 
measured 75 by 35 feet, w4th a face about 60 feet in height. The face shows the 
following section (top to bottom): 8 feet red pebbly soil, including worn material; 
25 feet bedded, fine, angular quartzite fragments, 2 to 4 inches in diameter; 25 feet 
coarse, waterworn bowlders, 1 to 7 feet in diameter, including porphyry, quartzite, 
quartzite breccia; buff ferruginous basal poi:tion densely compacted and partially 
cemented. The gold from these gravels is said to have been fine, flaky, and only 
slightly worn and smoothed. The pay obtained by these operations is reported 
to have been poor and the outcome financially to have been a loss. 

LashhrooTc vx)rki7igs, — On the north side of the canyon, immediately upstream 
from the mouth of Dry Fork, are extensive deposits of waterworn gravels. Three 
distinct classes of gravel may be recognized at this point, the extensive mass covering 
the bench 200 feet or more above tne creek, irregular isolated patches on the steep 
slopes below this capping, and the creek gravels. The capping bench deposits 
have been worked at intervals by Lashbrook and others, and it is stated that very 
little gold was recovered. Below this top level small patches filling channel rem- 
nants and inequalities in bed-rock gravels have been found which carried high 
values. These, however, are rather limited in extent. 

Hovmrd pit. — At the north side of the mouth of Dry Fork irregular patches 
of gravel lying below the bench level and on the slopes which descend thence to 
the present creek have been opened. Nothing is known of the results of the work 
at this point. Gravel of apparently the same class, lying on the north side of the 
canyon, between 2,000 and 3,000 feet north of Dry Fork and just north of the Live 
Oak shaft, was hydraulicked by one Howard. This work is reported to have been 
unprofitable. 

Schenk placer. — On the south side of Bingham Canyon, above halfway between 
the main West Mountain shaft and Lead Mine station, there is a long stretch of 
stream gravels. This deposit lies from 20 to 25 feet above the present creek level, 
and appears to be a remnant of the eai'ly stream bed. It has been opened in its 
basal portions by short tunnels on bed rock, and the gold-bearing gravel was worked 
by Schenk and others by a dry-washing process. These and other attempts to 
work this bench deposit at a profit are reported to have failed. 




Bench and rim grareb are ^th remnants of AepttsiUi in former stream beds 
lefl on the canyon sides by subsequent stmam erosion. Th<r distinction betweea 
the two in based on their poaitiooa retatirc to the surface of the stream deposits 
of the prcactit creek. It i» purely Artificial and w made merely for oortTenienre 
in description. Thus the deposits of lower Bingham ('anyon, described above, 
have been included under bench deposiu brcause tiiey occur on benches above 
the Hurface of the stream deposits of the present creek. Side nx-k benches that 
lie below lite nurfac* and higher than ilie base of the deptisits of the present c««k 
are commonly known as rims, and the pay gravels that lie upon such rims are accord- 
ingly termed rim gravebi. Three rich rim deposits have been exploited in lower 
Bingham Canyon, known as the Old ClianncI, ('lays rim workings, and the &Iayberry 
rim. 

OM C'hanntl." — Tlie longest, richest, and best^efined placer in Bingham, so 
far as may be judged from reports, was the "Old Channel,' ' with its possible exten- 
sion, the Clajm bar. This, although variously correlated with diilerent gravels 
upstream, is best developed in lower Bingham Canyon. It Ues on the north side 
of Bingham Canyon about 1,000 feet upstream from Freeman Gulch, and has been 
worked thence northeastward through a projecting spur, and thence beneath the 
mouth of Freeman Gulch and beyond, underground now occupied by dwelling houses, 
for about 260 feet, where it turns eastward into the main canyon. Down^tri'aDi 
a rim that is generally considered the same hiis been explored from a point un the 
south side of the canyon, now under the Winamuck dump, in a crescentic eastward 
bend through low spurs, and northward to a point just beyond the base of iho ruad 
to the upper workings of the Winamuck and Caledonia. Its norlhwanl henil has 
apparently been removed in the dissection of the present canyon. Below, from 
the base of the road tti the Midland mine, near the slaughterhouse, it and the portion 
known as the (^ys rim have been thoroughly explored along a general northea-sterly 
coufNe lo the mouth of Damphool Gulch. Energetic and thorough prospecting 
through shafts on both sides of the canyon have failed to reveal its continuation 
beyond . 

In general tlie upper portion of tliis deposit, lying above and adjacent to Free- 
man Gulch, appears to have been laid down in a narrow channel and locally forms 
a rim from 10 to 20 feet below the present creek level. The gold found in ii is 
said to have been medium coarse and rounded. ThLs upper portion yielded, it is 
reported, excellent returns, the stretch below the Winamuck having been li-iin. 
The stretch extending from the slaughterhouse to Damphool Gukh was unikiil 

nThf [JTlni-liiiil liuU coDlalncd In tM uvoiint of tlilBBBrlM ol wcrklngt. u well ss tliOM g)rr>n Iti 
plugr votUng in BlDgtum, wen kinilly Iiimlilm] liy Mr. liinlf] Clafa. llv Ii om at ttio onglrul pi 
to BlnghHm In 1871), kod ooa i>[ Uw Uvo (unlTon wliu uow kUOb In Bliighun. 
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by two parties; the upper 600 feet by one Crowley, the lower 600 feet by the Clays 
Brothers. The Crowley ground was not found to pay, but the Clays ground was 
exceedingly rich and was most thoroughly worked. Accordingly it was more 
thoroughly known than any other portion of these rim workings. The precise 
relation of the Old Channel to the Clays rim is in some doubt. Though they are 
commonly considered the same, Mr. Daniel Clays has noted that the form of the 
rim channel in his ground is quite unUke that of the Old Channel, and further, 
that while a portion of the basal gravel from his workings was somewhat cemented, 
so that it was frequently desirable to expose it to alternate freezing and thawing 
to break it up, the Old Channel basal gravel was unconsoUdated. Inasmuch as 
the Clays ground is so well known as a separate successful working, it will be here 
described separately. 

Clays rim. — The rim gravels exploited by the Clays Brothers are located on the 
southeast side of Bingham Canyon, below the creek level, and extend from the mouth 
of Damphool Gulch upstream to a point 

nearly opposite the mouth of the next Present stream level 

small gully, a distance of something over 

600 feet. ^'"^ gravels 

Exploration has revealed a series of i-.n / rx . * u ^ 

tr i^ean^ Quart zite bed rock 

three side channels or rims, 30, 50, and 65 

feet beneath the surface of present creek ^ o as 50 ?& f««« 

gravels, averaging 60, 20, and 30 feet, FiQ* IC—Tiansverae section of lower ClAys rim, sbowlDg 

respectively, in width (see fig. 10). The 

upper level is at tliis point at the level of the Old Channel bar, and, though the 
gravel upon it is partially cemented, the two are commonly considered portions of 
the same rim deposit. Bed rock in the Old Channel stretch is said to have been 
even and waterwom, with only one pothole. This feature of this and other lower 
rims is in notable contrast with the steep unevenly potholed beds of some of the 
high benches, such as the Dixon and St. Louis. 

The single rim of the Old Channel gives way at the head of the Clays workings to 
the composite three-channeled rim above described. And similarly, in the lower 
end of the Clays ground, at the point where these three channels swing northward, 
they are replaced by a single channel which enters the main canyon. As this lowest 
part carried especially high values, its continuation downstream was energetically 
sought. Shafts were sunk on both sides of the canyon, but no further trace of this 
rich rim was found beyond. 

The Clays ground on this rim was thoroughly explored by sinking shallow shafts 
averaging 20 feet, to bed rock, and by stoping laterally from the bottom of the 
shafts for distances ranging from 6 to 20 feet, according to the character of pay and of 
the ground. This method was found more economical of time, money, and life than 
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a system of timbered drifts and crosscuts. On the upper bench the lowest 5 to 6 feet 
of gravel was worth mining, High cat values wcurri'd iin hed i-ock. In general, 
pay was low in the upper ;iO0 feet of the Clays workings, and iow on the second and 
third channels (sec fig. 10). The bulk of the gol<l re<TOvered was taken from the top 
channel. Although the average value of this is unknown, it is reported tliat in some 
cases 6 pans yielded $ti Rnd that a cubic yard gave $1S.20. It was on this rim, about 
1 .50 feet From the head of the rich 300 feet, that Mr. Daniel Clays found the nugget 
wliich is generally admitted to be the largest Mingle piece of gold ever found in Utah. 
This nugget weighed, it is said, 7 ounces 15 pennyweights, and was valued at $128. 
The output from the Claya workings includes $138,000 taken out by the Clays 
Brothers, and enough more by others to make an approximate total of $175,000. 

Mayhfrnj rim. — Mr. A. P. Mayberry, workbig the lower portion of the West 
Mountain ground adjat^ent to the lower shaft, encountered a distinct rim on the 
north wall of the canyon, 75 feet below the surface. It appeared to be a remnant of 
a channel 50 feet in widtli, which, with the exception of this stretch 150 feet in 
length, was obliterated by later cutting of the main cliannel. This enters the north 
wall of the main canyon 75 feet below the present stream level, extends northeast- 
ward around a distinct quartzlte ridge, and opens into the main channel 130 feet 
downstream. The basal gravel on this rim is repotted to have averaged $2.93 to 
the pan. 

Other subsurface exploration in West Mountain ground proved the exisliiuc 
at some points, 90 feet below the present surface, of a well-developed rock shelf, TJ 
to 15 feet in width. 



West Mountain ptacer." — This property includes the buiidrri of hiwi^r Rlnirliiiiti 
Canyon for about Ij miles, extending l.SOO feet above Dry Fork and -J .SOU IVct. iicKiw. 
The main opening. West Mountain shaft, is situated 700 feet northeast oi the mnulh 
of Dry Fork, on the north side of the road. Shafts Nos. 1 and '2 have lievn aiuik 
northeast of tliis main shaft, at distances of 1,000 and 4,550 feet, respectively, and 
shaft No. 3 has been sunk at a point still farther northeast beyond No, 2. 

Development work has been prosecuted chiefly from these three points, with 
a view ultimately to exploiting the basai portions of the gravels wbicli ovi>rlic llie 
bed of the rock channel, but with the immediate view of draining these ^'inviU f<\ 
as to permit such exploitation. West Mountain placer shaft descends to ii dipih nl 
IfiO feet in blue limestone on the north rim of the buried channel. Drifl.s cxti'ud 
southward at 90- and 1.50-foot levels into and across the old channel (valley) to the 
southern rim, ami n :i.vrou( imIsc I'lDni ihi- Ii)«it i utithtIs \\'\\\> nn iiHenuctiijite level 



"At time of vlalt thli property wu not Id opeTaClon; w 
a]j 60 feet^tialow Iti colUl. TtM itateiaeiitB !□ the prenenl 
ut chleQy from Mr. r, C. Gaitand, luperlnteciileitt ol the a\ 
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which extends from rim to rim. Shaft No. 1 descends 175 feet south westward at an 
angle of 35°, tlirough gravels to bed rock. From this point, which Hes at a vertical 
depth of about 150 feet, a drift extends south westward for 300 feet. Shaft No. 2 
was excavated in the same direction on the same angle for 150 feet through gravels, 
but on striking water was abandoned. Shaft No. 3 also follows a course parallel to 
that ol No. 1, striking bed rock at 170 feet. From its foot a vertical shaft connects 
through 125 feet of gravels with the surface, a drift extends northeastward on bed 
rock 100 feet, and another south west ward 80 to 90 feet, and one northward about 80 
feet. From this development it appears that the present stream is underlain in 
this portion of the canyon by unconsolidated gravels to an average depth of about 
150 feet. The rock bottom of the canyon underlying the gravels follows a course 
in general parallel with the present creek. The descent of the waUs to the bed rock 
bottom, however, is not constant, but is interrupted by a rock shelf (rim) 12 to 15 
feet in width, about 90 feet below the present creek level. Its position suggests 
that it is to be correlated with the Mayberry rim, although its width is considerably 
less. The filling of the old channel is said to be practically all gravel, although pub- 
lished statements give additional material.'' Thus, at the lower shaft. ' 'at a depth 
of 125 feet, a streak of black loam with charred trunks of trees' ' was reported; and 
at the upper shaft ''loose wash is 100 feet deep under creek bed, then there is a 
7-foot stratum of cement. ' ' 

Pay gravel has been found both on the upper rock bench and at the bottom of 
the main channel on bed rock. It is believed to exist at one if not at two other 
higher levels. Values average about equal from both. In the main West Mountain 
group, regular shipping has not been carried on. The known values were obtained 
in the general course ot exploration and development. On the upper bench they are 
found through a thickness of 7 feet; on the main level in a similar thickness, with 
the richest portion at the base upon bed rock. It has been stated that bed rock 
was taken up to a depth of G inches to 3 feet to obtain gold which it was anticipated 

had settled into cracks. The values were remarkablv uniform not onlv on the two 

»■ *' 

upper levels, but also along the course of the bottom placer. The average value of 
West Mountain gravel in minable limits is reported to have been 8 to 10 cents per 
pan, while one pan ran $1.56; a nugget $1.66, and many nuggets 40 to 50 cents. 
At one clean-up, on gravel taken in the course of running a drain level, $500 was 
reported to have been saved. 

At present (1904) the attempt to work this property as a placer appears to 
have been abandoned, tentatively at least, and its main shaft is used by the Utah 
Copper Company as a source of water supply for a large concentrator. 

Bingluim placer. — This property is situated in main Bingham Canyon, adjoining 
West ^^lountain placer on the east, and extends thence downstream for over 6,600 

"Binjrhani Biillrtin. Maj* 5, 1899. 
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feet. It was not in operation at time of visit. ^ Development consists of a shaft 
down 250 feet and 200 feet of drifts on the 115-foot lev^l. This shaft has reached 
a greater depth than that at which bed rock was found on the West Mountain 
ground, but is said to have encountered only stream gravels, no bed rock. If this 
be the fact, it proves that the rock or true bottom of Bingham Creek maintains to 
tliis point in its lower course at least as steep an inclination as that followed above, 
and thus throws important light on the relation of Bingham Canyon and similar 
side valleys to the main Jordan Valley. 

In 1899 work was devoted to exploring the pay gravels which overUe a firm 
floor of * ' cement gravel' ' that was encountered after passing down from the surface 
through 115 feet of loose wash gravel. The 6 feet of gravel which immediately 
overlies this stratum carries gold, often in form of thin flakes, and much magnetic 
iron. ''The pay gravel is apparently as rich as West Mountain dirt.'' 

Other placers. — Above the West Mountain placer in lower Bingham Canyon 
no work was being prosecuted at time of visit. This area, however, is covered by 
numerous claims which would attract no Uttle interest in event of the successful 
exploitation of the West Mountain ground. These include Hoflfman, Charles Brink, 
M. Gibbons, May & Merrill, Remnant, McGuire & Co., and others. Some pros- 
pecting has been done on these, as well as on small gravel deposits in Bear Gulch, 
main Bingham Canyon, and Carr Fork. They are, however, with rare exception, 
only prospects and little is known as to their output and carry. 

aStatemants here giVen are on the authority of Bingham Bulletin, May 5, 1899. 



CHAPTER VII. 

COMMERCIAL APPI-ICATIONS. 

INTRODUCTION. 

Mining is attended by many difficulties. In Bingham the obstacles of high 
rates for labor, freight, and supplies, which were encountered in the early days of 
the c^mp, have been largely overcome. Labor is relatively cheap, acceptable 
freight rates have been fixed by special agreement, and supplies, including provi- 
sions^ fuel, and tools, are obtained at fair prices by daily train service of the Rio 
Grande Western Railroad, from near-by growing cities, and from thrifty farmers. 
Operating expenses have been reduced by the adoption of modem mining methods 
and modem machinery underground, of aerial tramway systems, and of extensive, 
complete, and thoroughly modem private or company plants for smelting and 
refining. The geological conditions were the chief object of the present survey, 
however, and in the coiu^se of their examination many geological difficulties were 
foimd. 

These geological difficulties encountered in Bingham are mainly of a structural 
nature. A great thickness of rocks of similar physical character and structure 
has suffered crushing, faulting, and intrusion to a degree of complexity which 
might reasonably have been considered physically impossible. Furthermore, ore 
occurs unevenly in various forms over a considerable area. Success in mining in 
the Bingham district, then, requires that scattered faulted bodies of low-grade ore 
be found and followed in a poorly differentiated country rock which has been 
extensively intruded and faulted. 

Through the cordial cooperation of mine owners and operators very favorable 
opportunities were afforded to study these features and to note their interference 
with mining. Some of the geological aspects of certain problems related to the 
following subjects will be briefly considered: Prospecting, exploration of fissures 
and limestone, character and exploration of igneous rocks and of faults, continuity 
of lode ores and of bedded ores in limestone, and exploitation of zinc and of 
auriferous gravels. 

PROSPECTING. 

The search for new ore bodies has been greatly facilitated by experience gained 

in previous surface prospecting and underground exploration. The presence of ore 

bodies is not always indicated by croppings; accordingly the absence of distinct 
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irii[ipi[i^ iir gtiM^HtiN M not to be intorpretet] as proving the absence nf ore bodies 
in the underlying country. Thus, although the deposits of the Old Jordan were 
iiidicHted by (propping!* of galenn. (lead sulphide), niaim^hite (green copper carbonate), 
imd azuritt? (blue copper carbonate), and the extensive Winaniuck ore shout was 
fimnd deep within the country rock adjoosnt to a prominent "iron hat," yet the 
inunimoth No. 1 cojipcr shoot uf the Highland Boy gave no surface iiidicutioD of 
itH presencB. 

Prominent wall-like masses of quartxite breccia have in several instances been 
mistaken for goitiaans. Several exainplein of tliRse appear along the road wliich 
follows tho divide from the Eagle Bird westward to the main road on West Mountain. 
They are mere indurated masses of bre<!ciated quartzitc and frequently show no 
indication whatever of mineral i^ation. 

Each type of coimtry rock exhibits characteristic croppings. The best known 
indications in a quartzite country are found in the promincnl cliffs of rusty quartz- 
ite overlooking the Winamuck. Hero massive, somewhat fractured, quartzite has 
been diHColorod over a large area with brown, rusty, iron stains. Although the 
ground underlying this "iron hat" has not been opened at a depth, in that, a 
liltlp ro tho west, has been found the great Winamuck shoot. 

The character of croppings in an ore-bearing fissure in limestone or mrta- 
iiiorpbo.wd limesUmn (marble} is perhaps best shown north of upper Binghnm 
Canyon, between the Old Jordan and Neptune properties, where the Galena Husurc 
traverses the Jordan limestone (see PI. XXVIII, A). The whitip marhli' iiml 
grayish-blue carbonaceous bauds, in a zone from 3 to 4 feet wide, arc inivcrsiil 
by a network of fissures whose walls are stained brown by iron ami urnisininilly 
spotted gna'U and blue by copper. 

The croppings of the "bedded" or replacement ore bodies in linnstunc ii|i|"'nr, 
so far as may bo judged from walls of open cuts indicated by tluLsc ot the \iii;;]ir(i 
and Old Jordan ore bodies, to be rusty iron- and copper-stained marbh\ nficii chtTiy 
and spotted with galena (lead sulphide). One of the original Imtitois nl' iln- Old 
Jordan states that large masses of galena outcropped prominently ncur iln' .luiihui 
discovery, 

The best-known surface indications of ori*-bearing monzonitc urv 1o !>!■ oI.,s,tvc(| 
in Clipper Center Oulch. This large laccotithic stock of nionzonili- Ims Iuhii i-Mcn- 
lively exploretl areally and in depth, and found to carry tow gold and coppi r v :iliii- 
deemed sufficient I.o work at a profit. It is U^ be remcmbci'ed that tliv nvc Ini^ 
occurs not in definite shoots, but rather as a general impregnation of the imi tire iii:i--~ 
along secondary partings. Thus the most favorable portions of thi.>i body lo i.iu^i'c.i 
aj>pear to be the zones or belts of fraciuring. crnsbing, and jnintii 
the munzonite has been most liighly alten'd and minora lizeii. 
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In brief, iron-stained quartzite and metamorphosed limestone stained with 
limonite (iron oxide), azurite (bhie copper carbonate), and malachite (green copper 
carbonate), and spotted with galena (lead sulphide), have in many instances guided 
exploration to the discovery of valuable ore bodies, and in some instances large 
shoots have been found where surface indications were unknown. 

EXPLORATION OF FISSURES. 

Only a small portion of the fissures in Bingham have been mineralized. The 
safest clues to those fissures which may carry ore and to those which probably do 
not are locatioUj trendy and dip. 

The location of the largest veins and lodes is in limestones in the neighborhood 
of intrusives. Strong though usually somewhat narrower veins and lodes also 
traverse quartzite and intrusives. These general facts of location are indicated by 
the great series of productive fissures and lodes at the head of main Bingham 
Canyon. 

As to trend and dip, several hundred precise measurements underground 
indicate that the fissures, including both barren and mineralized, trend toward all 
points of the compass in about equal numbers. Consideration of their relative 
ages shows that, with certain explicable exceptions, the principal fissures belong 
to three groups, developed at three distinct periods, namely, those trending north- 
east-southwest, then those trending northwest-southeast, and a later series trending 
northeast-southwest. Furthermore, over 84 per cent of the fissures observed to 
carry pay ore trend N. 5° to 43° E. Over 80 per cent of the observed pay lodes 
dip northwest at angles ranging from 45° to 90°. Thus it would appear that only 
the northeast-southwest fissures were in existence at the time of the principal period 
of ore deposition, and that the northwest-southeast and secondary northeast- 
southwest series were developed subsequent to ore deposition. 

In brief, the available evidence tends to indicate that, first, the fissures which 
are far most likely to caiTy valuable ore bodies are those which trend northeast- 
southwest and dip northwest; and, second, the probability is against finding pay 
ore in northwest-southeast fissures. 

As regards the probability of developing pay ore in fissures which do not reveal 
strong surface indications or likely signs on superficial prospecting, a few observa- 
tions may not be out of place. Croppings on fissures above ore shoots are not 
universal. Although ore is said to have cropped strongly along portions of the 
Galena fissure, in other stretches which overlie known ore bodies surface indica- 
tions arc* wanting. And although croppings were found locally on the Last Chance, 
Eagle Bird, Iloogley, etc., neither these nor the other fissures, as those of the Silver 
Shield and Winamuck, are known to exhibit prominent croppings. Similarly, 
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though considerable stretchps of fissures were found barren, yet persistent, wisely 
directed cxjiloration resulted in uncovering valuable ore shoots. Indeed, some of 
the richest fissure bodies in the camji were discuvered adjacent to absolutely barren 
portions that showed entirely closed walls, lu one instance, apparently owing to 
tlie inlluence of composition of the wall rock, the sparsely disseminated ore devel- 
oped within a few feet into a strong shoot of liigh-grad6ore,from 4 to 5 feet in width. 
So far OS may be judged from present developments, then, it would appear most 
advisable, in prospecting for pay fissures, to seek a strong northeast.-9outhwefit 
fissure within the main mineralized zone, and then, even though favorable croppiugs 
were wanting, or ore was not at first encountered, to persist in its exploration until 
it had been thoroughly developed. 

"Keeping the vein." when exploiting Bingham lodes, has not been found 
difiicult. In other camps, where certain well-known productive fissures are found 
to be grouped in branching system.^, strongly defined slickensided walls of post- 
mineral dat.e frequently tend to mask the jimction of ore-bearing branches. In 
developing veins of this character of occurrence, only by the keenest vigilance can 
all desiiable veins be caught. The productive veins and lodes of Bingham have 
thus far proved to be either smgle, well-defined fissures, 1 to 4 feet in width, filled 
with finely comminuted material, or distinct, relatively narrow zones of fracturing 
and fissiu-ing. Accordingly they may be easily followed with slight danger of loss. 

A danger similar to that explained in branching fissures arises in Bingham, 
however, in the form of oblique postmineral sUps within a pay streak, which consti- 
tute what is commonly known as ' ' false walls.' ' Thus in the Nast mine, Ferguson 
vein, Ferguson stope, a slip, cutting the pay streak at an angle slightly but almost 
imperceptibly oblique to the main wall, was found, on crosscutting through it, to 
inclose between it and the main wall a large lens of high-grade ore. To ])rove that 
the walls followed are the true walls and not false walls inclosing ore behind them 
stiort test crosscuts should be driven as frequently as the character of the occurrence 
renders advisable, Crosscutting, especially in the foot, is also rendered most 
advbable by the possibility of striking "pipes" of ore. Thus in the Winamuck, 
a "pipe" of rich ore was found in the foot wall IfiO feet back of the main fissure 
on the 400-foot level, and another on the 300-foot level, each inclined more steeply 
than the fissure and toward it, and uniting with it between the 140 and liOO foot 
levels. Exceedingly rich silver ore occurred m a similar manner in llic Ti('wiiiik<'c. 

The essential features are to select a fissure in the strong nortbeiist-siiullnM-Lt 
premineral series, preferably in limestone and in the vicinity of inti 
develop it thoroughly, proving the walls frequently. 



OOMMEBOIAL APPLICATIONS. 865 

EXPLORATION OP LIMESTONE. 

The great bodies of copper ore appear to be restricted to thick, massive, meta- 
morphosed limestones. The detailed facts of their occurrence and association tend 
to indicate that development would more likely result in the discovery of pay ore if 
directed toward those portions of massive, metamorphosed lunestones which have 
been intensely fissured and intruded. Such bodies occur characteristically in the 
ground adjacent to Bear Gulch and upper Bingham Canyon on the United States 
property, and in that ot upper Carr Tork of the Utah Consolidated (Highland Boy) 
property. 

The opinion prevails among Bingham miners that the large bodies of copper ore 
occur in the base of the great limestones, immediately upon the massive quartzite. 
In only one mine was a copper shoot observed to he upon a quartzite foot. This 
was abnormal, as the contact resulted from deformation. The relation there shown, 
though easily mistaken for a normal one, had been produced by faulting ore which 
formed within the limestone, well above its base, into immediate contact with under- 
lying quartzite. In all other cases observed the ore shoots occur within the great 
limestones at variable distances above a barren foot-wall contact. Recent develop- 
ments show, moreover, that these ore bodies are not confined to a single horizon 
^dthin a limestone, but formed at various horizons one above another (see p. 150). 
In view of these two facts systematic exploration of the great limestones assumes 
increased importance. Thorough exploration of these members requires intimate 
acquaintance with the beds throughout their entire thickness from wall to wall. 
This may be secured in the cheapest, surest, and most practical manner by systemat- 
ically crosscutting in a direction perpendicular to the strike of the bedding, entirely 
through the limestone, into both foot- and hanging-wall quartzite. 

The copper shoots in the Umestones are flat, irregular beds of general lenticular 
form, and occur in definite limestone beds parallel to and between other limestone 
beds. They thin out laterally in very irregular margins. In some cases their great- 
est dimension is along the strike; in others it is in the direction of dip. Again, some 
shoots are habitually sharply defined, while others are vague and indefinite, fading 
out imperceptibly or passing gradually one into another. These lenses are also 
found to end in the same manner above and below, as well as laterally. Thus not 
only is absence of a bedded body in a crosscut not to be taken as proof of its absence, 
even a short distance to either side, but the absence of bedded ore along a horizon at 
any level is not proof of its absence along the same horizon at higher or lower levels. 
In brief, the irregularity of these lenticular shoots at the various horizons and the 
imperceptibihty of some of their transitions from one to another, and, on the other 
hand, the abruptness of the transitions, both laterally and along the dip, increase 
the necessity of systematic crosscutting at frequent intervals. Although finding 
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ore is thus AtlcndiMl with notne diHiciilly, complex faulting renders follow-ing the ore 
even more dtllirull. In view of the special importance of the subject it i& consideiW 
under a separate head. 

CUAHACTER OF lONEOlTS-IKK'R MASSES. 

Tlie prevailing opinion that igneous r<K'ks have played an important n'le in the 
formation of the ores of this district has been .substantiated by detailed geologic 
study. The occurrence of great IxKlies of copper ore appears to be restricted to 
TiiasHive limestones wnich have been subjected to extensive intrusion and meta- 
niorphisni (see distMi.ssion of oc^'Urrenco, p. i:i2). Fissures have frequently been 
found to contain valuable ore shoots between wails of ig^ieous rock, and extensive 
intrusive masses have been proved to carr\' low values of gold and copper dissemi- 
nated tlu'oughout. 

That the importance of a knowledge of the form of occurrence of igneous masses 
is appreciated by those directing development work in Bingliam wa-s shi>w-n by the 
large number of inquiries which were made regarding problems involving igneous 
masses. Indeed, no single problem seems to have proved a more serious obstacle to 
underground development than intrusives. Agreeable to repeated requests, the 
writer will endeavor to present a simple, clear statement on the general origin and 
occurrence of Bingham intrusives, and some suggestions as to their exploration. 

The large number of occurrences which have been studied througln m r ihc 
world appear to show that igneous rocks (i. e., crystalline rocks such as sirnnite, 
diorite, and those with porphyritic structure, popularly termed porphyries, clc) 
are solidified molten masses that were derived from deep within the earth. The 
e.\act role played by each factor in the introduction of tjiis molten material into 
the overlying rock ia the object of deep iuquirj-, and has not yet been eniiiely 
detei-mined. Certain paints are, however, fairly well established. Thus, broadly 
viewed, it appears that i-ock constituents, which are united in a molten liquiti, 
senuliquid, or viscous state, occur deep beneath the earth's surface as rock niugrriiih. 
For the sake of concreteness they may be likened roughly to stmie such riuiistaiice as 
molasses. Under the impulse of forces acting in the earth's crust, these magmas are 
driven — injected — ^into the inclosing rocks, and sometimes rise Ihniugh all the over- 
lying I'ocks to the surface and overflow. Those igneous masses whii'h an' iiiinidcil 
into the rocks but do not reach the surface are known as intnislns . iiio.-.c \\)iii*]i 
flow out upon the surface ai-e termed extrusi.vcs. Among the many lornih nl' intiii- 
sivcs, three types are commonly encountered — -the tubular, rougbly vpj'lind wnW- 
like mass, termed dike; the tabular, generally horizontal, bed-like layer. Icrnu'ii nilf,^ 
or intrusive sheet; and the bell-, dome-, or hemispherical-sha] ii'fl 
laccolith. The extnisives occur in the form of irregidar horizontal i 
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The forms assumed by the intruded mass of magma vary according to the character 
of the magma, the character of the rocks invaded, and the condition and position 
of those rocks, so that the forms found in different mining camps vary, as do those 
found in different formations in the same camp. 

In Bingham instances of each of these type forms occur. The extrusive rocks 
are, so far as found, restricted to the eastern foothill slopes of the range, where 
they occur as an extensive overflow, filling the depressions of an old land surface. 
The intrusives occur in various irregular forms throughout the district. In the 
vicinity of Upper Bingham an extensive intrusive mass attains a relatively great 
thickness and a roughly hemispherical shape beneath a cap of massive quartzite, 
and may thus be termed a laccolith. Its periphery, however, is exceedingly irreg- 
ular and is characterized by steep, narrow, wall-like bodies, and flat, sheet-Uke 
bodies, which extend beyond the limits of the parent mass out into the inclosing 
walls as dikes and sills. Thus, workings in the Old Jordan and Boston Consoli- 
dated encountered and passed through excellent examples of dikes, and lower work- 
ings in the Telegraph (Proctor level). Old Jordan (Utah level), and Highland Boy 
(No. 6 tunnel), have exposed flat contacts of intrusives underlying and following 
bedding planes in the limestone or quartzite country rock (PI. XXII). 

In the absence of dominating preintrusive fissures and favorable stratigraphic 
influences, however, the intrusives in this area have not assumed typical, sharply 
defined forms. On the contrary, the fact that the sediments in general are massively 
bedded, and in certain areas are intensely crushed, explains the extremely irregular 
forms of the Bingham intrusives. 

The term porphyry has in colloquial usage been apphed to all these various 
occurrences of igneous rock without regard to their structure or to their form of 
occurrence. Some of these rocks do exhibit typical porphyritic structure — i. e., 
they contain larger individual crystals imbedded in a fine-grained crystalline or 
glassy groundmass. Thus, the Fortune intrusive shows crystals of feldspar, mica 
and hornblende enjbedded in a dark greenish-gray groundmass. Similarly, the 
Zelnora dike and Winamuck dike exhibit true porphyritic structure. But the 
largest and economically the most important intrusives in the region do not possess 
porphyritic structure, and thus can not correctly be termed porphyry. The r©ck 
making up the laccolithic mass at Upper Bingham and also the Last Chance body 
is dark gray, even fine grained, and granular. Its mineralogical and chemical 
composition show it to be monzonite. The intrusive rock of the porphyritic dikes 
and sills appears to be monzonite-porphyry, and the extrusive to be normal latite 
(see p. 129). 
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EXPLOEATION OP INTEUSIVE8. 

The practical importance of the igneous bodies is twofold, first, as regards 
their possible contents of metallic values, and second, as regards their influence in 
inducing the formation of ore in inclosing rocks. In the determination of these 
two points the proof of the type and thus of the shape of the igneous mass is a 
most important feature. This knowledge is needed for the economic development 
of the ore-bearing porphyry and the exploration and exploitation of ore bodies in 
sediments adjacent to intrusives. 

Thorough detailed study of all geologic features exposed on the surface should 
invariably precede underground exploration. In this manner a large body of facts 
wliich affords valuable basis for exploration may be obtained at a minimum expense. 
Outcrops show, for example, along the eastern flanks of the Oquirrh Range, an 
extensive body of roughly bedded porphyritic igneous rock, which extends along 
the front at a fairly constant elevation. The extent, lithologic character, structure, 
and position of the mass suggest that it is an extrusive. An exposure along a canyon 
incised through the inner margin of the body reveals the lower contact of the igneous 
mass, overlying and sloping gently off from an old soil and waste surface, which 
in turn covers a bed-rock foundation. These facts thus confirm the supposition 
that the mass is an extrusive. So far as known, it neither carries mineral values 
nor induces ore deposition in adjacent country rock. The form and extent of this 
latite flow, however, affect the continuation in depth and to the east of the ore 
bodies in limestone; foi* if this volcanic mass broke upward at or in proximity to 
its present surface contact then it is probable that this contact descends steeply 
and truncates the ore-bearing limestones. If, however, the latite simply blankets 
an earlier land surface closely resembling the present surface, there is no struct iiral 
reason why tlie ore bodies in Carboniferous sediments may not be followed eastward 
under the volcanic flow. 

Dikes may be recognized on the surface by exposures of igneous rock, generally 
porphyritic, lying in long, relatively narrow belts, the lateral contacts of which with 
inclosing country rock descend steeply. Dikes may trend at any an^le with the 
bedding — they may be perpendicular, oblique, or parallel to it. Similar belts, 
croppings of igneous bodies which locally underUe stratigraphic nionibers, coursi7i<r 
parallel to the strike and dipping gently with the beds as intercalated i^^neous IxmIs, 
are to be distinguished as sills. Those igneous masses whose surface ()utcn)|)s, 
th()U<rh presenting general parallelism with overlying sedimentary beds, like sills, 
show them to be much greater in relative thickness than sills, and to p(>ss<vss a 
t^eneral domical shape, are readily recognized as laccoliths. In brief, ijirneous bodies 
which outcrop in long, relatively narrow exposures may be either dikes or sills 
according to their attitude tov/ard sedimentary beds. Agreement of the contacts 
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of an igneous mass with the strike and dip of inclosing strata indicates a sill; general 
disagreement in either strike or dip indicates a dike. The practical importance of 
distinguishing between these forms — and they may generally be distinguished by 
surface indications — is to determine the inclination of the contacts, and thus the 
points at which the body would normally be encountered underground, and also 
to ascertain the probable distance required to pass through the mass. Between 
these three forms occurs every conceivable transition. 

With the general type and form of the igneous body thus determined, under- 
ground exploration may be advantageously undertaken. Underground the form 
and size of an igneous body may be recognized by the same though more incom- 
plete criteria. Thus a steep contact cutting across the bedding planes of sediments, 
such as sandstone or shale, may be accepted as a probable indication of a dike. 
And a relatively' flat contact, parallel with the bedding, locally at least, suggests a 
sill. In general the greater the extent of contact developed the more trustworthy 
is the conclusion regarding the form of the igneous body. 

As above stated, the evidence thus far afforded b}' exploration of intrusives 
in Bingham tends to show that the extrusives have no commercial value, and 
that the intrusives are of value either as carrying low gold and silver values, if 
laccoliths, or as inducing the formation of bodies of copper ore in adjacent rocks, 
if dikes or sills. Accordingly, when an intrusive body is encountered in the course 
of underground exploration, development work should immediately be directed to 
proving in the most economic manner the form of the body. Obviously it should 
be directed on a basis of careful surface observations. When it is proved that a 
contact is one wall of a dike, two desirable lines of work are immediately opened: 
First, to prove the width and course of the dike itself, and, second, to determine 
the possible occurrence of ore in the inclosing country rock. Drifting for a reason- 
able distance along the contact will reveal the trend of the dike, and a crosscut 
through the igneous mass into the country inclosing its opposite side, in a direction 
transverse to that contact, vrill prove the thickness of the dike and the trend of 
its other wall. 

As regards the ground adjacent to intrusives that it may be advisable to explore 
for ore, results of detailed underground studies in various western camps show 
that it is desirable to prospect the inclosing country rock by crosscuts at rather 
frequent intervals for a distance of at least from 100 to 150 feet away from the 
intrusive. The determination, underground, that an igneous contact is that of a 
sill would necessitate the consideration of an additional feature — its gentle dip. 
While the same steps might be taken to the same end in the case of a dike, the 
somewhat different attitude of the intrusive would lead to certain modifications 
in the development work. Thus, if the sill were fairly flat, the thickness of the body 
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might be proved at much less expense by a raise instead of by a crosscut. In plan- 
ning exploration of the country adjacent to the sill, careful consideration of the 
average dip of the sill contact becomes of highest practical importance. The failure 
to recognize the fact that an intrusive is a sill instead of a dike has in noteworthy 
instances resulted in needlessly great expenditure; and, similarly, failure to dis- 
tinguish between a normal, relatively thin sill and a laccolith would lead to excessive 
and perhaps fruitless expenditure. 

In proving a laccolith the same steps may be taken, although if knowledge 
of the thickness of the body alone is sought, the expense of the long crosscut should 
be avoided, if possible, by determining that dimension on the surface. If, however, 
as in the case of the Bingham laccolith in Copper Center Gulch, the igneous body 
carries values, it may be desirable to run the crosscut, and thus prove both values 
and form at the same time. Such a prospect crosscut, however, might well be run, 
if other considerations did not enter, in a direction transverse to the upper and 
lower contacts of the laccoUth. 

As regards prospecting within the body of igneous masses proper, it appears 
that the extrusives, and of the intrusives the relatively limited dikes and sills, do 
not carry pay values. As to the extensive intrusives, like the Bingham laccolith, 
however, thorough prospecting has shown that by close work it may be possible 
to exploit them for gold and copper at a profit. From a large number of assays 
taken regularly at the surface and throughout extensive underground workings, 
it appears that the highest values occur in those portions of the mass which have 
suffered crushing, jointing, and fracturing. As such breaking of the countiy rock 
would tend to weaken it and thus render it less resistant to weathering, it would 
seem that prospecting might be most advantageously carried on along hollows, 
runs, and linear valleys, preferably adjacent to copper- and iron-stained croppings. 

FAULTS. 

Faulting occurred throughout the district both before and after the deposition 
of ore. Although the fissuring which took place before the ore was deposited was 
favorable to mining in furnishing passageways for ore-bearing solutions, the faults 
wliich took place after ore deposition have often proved a serious ol)sta(le to mining 
!)y abruptly cutting off and displacing ore bodies. It thus frequently becomes 
desirable to find a displaced ore body beyond a fault. To do this intellitxently 
and economically requires a thorough understanding of the character of the fault. 
In the chapter on '^ Occurrence of the ores'' under the heading ^ ' I)is[)lac(Mncnt 
on fissures," page 140, the various types of faults observed hayc been described 
in detail. It is shown that in Bingham faults trend with tlie strike of lh(^ l)(His. 
transverse to the strike, and at varying intermediate angles; tliat in di}) sonic accord 
with that of the beds, others are inclined opposite to the dip, and others at intci- 
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mediate angles; and that the displacement is sometimes in one direction and some- 
times another, in some cases equal in amount throughout, in others in opposite 
directions at different points on the same plane. Careful study of a large num- 
ber of faults of the various types shows no regular relation between direction of 
displacement and either trend or dip of fault plane. Although the diversity in the 
character of the faults which were studied in the course of underground work 
was so great that detailed directions for proving each type can not be given here, 
certain general suggestions may be of use to the miner. 

Having first proved that the ore body investigated has been actually cut 
off by a fault, by observing the usual evidences, such as ore ending abruptly along 
a fissure and faiUng to continue on the other side, slickensided or poUshed surfaces 
of a fissure, and fragments of ore dragged in and rounded along the plane of the fault, 
it is next necessary to determine the direction of the movement and its amount. 
The first indication of direction is given by the trend of the fault plane and then 
by the course of striations on its walls, but the movement along the striations 
may have been in either of two directions — up or down if the striations are ver- 
tical, to right or left if they are horizontal, etc. To determine which of these 
two directions the movement took, the rock opposite the ore, on the other side 
of the fault, should be observed, to see whether in its unfaulted position it belonged 
above or below where it now occurs. As, for instance, if quartzite is opposite 
limestone and it can be proved to be the foot-wall quartzite, then the throw on 
the farther side of the fault must have been upward, and the continuation of the 
ore body is to be looked for upward in the direction of the striation lines. In 
general this determination is more readily made on the surface, because the greater 
exposure there affords more evidence. 

If the rocks which have been faulted include two or more distinct kinds, the 
precise determination of an ordinary fault is not difficult. In Bingham, how- 
ever, the geologic section is largely composed of a great thickness of massive quartz- 
ite which is so similar throughout that it is frequently impossible to distinguish 
one part from another. The massive limestones included in the quartzite are 
readily distinguished from it, and as these are the members in which the faulted 
ore bodies are commonly found the contact between such limestone and quartzite 
affords a definite and easily recognized plane. For concreteness an actual case 
may be considered. Having proved that an ore body which lies in limestone at 
a known distance above the underlying quartzite has been faulted, a study of 
surface indications is first desirable. After locating the contact of the limestone 
with the underlying quartzite on the surface, and following it to the fault and 
observing that it does not continue beyond, it is desired to ascertain where its 
continuation lies and the direction and amount of the movement which displaced 
it. If the rock found on the farther side of the fault is limestone, it might be 
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inferred that that side has b«n tlirown do«-n along the fault; if quartzite, that 
it ha^ been ttirown up, unions there has been siifficicnt downward movement to 
lower to this position the hanging-wull quartzite. The fault should then he fol- 
lowed as far as it can be traeed and the relative position of the limestone or quartz- 
ite contact on either side, the amount oi that appart^nt ofTset along the fault, the 
dip of the bedding, and the inclination of the fault plane and of t!:tf striation lines 
should be carefully noted. From this tiala the direction and araoi-nt of move- 
ment on the fault may be preciswly computed. 

This determination is necessarily more diincull undcirground. If the faulted 
ore body lies within limestone, it is important to know its disliuice from tlie quartz- 
ite walla, wliich may be proved by croasirutting to the nearest wall. If the cross- 
cut is driven along the fault on the side of the fault on which the on- is known, 
drifts may be driven off from it through the fault at frequent intervals to deter- 
mine the nature of the country rock on the farther side. The position of the ore 
body within the limestone in regard to its distance from the nearest wall, the trend 
and dip of the fault plane, the position of the limestone-quartzite contu^l on either 
side, the dip of the Wdding. and the course of the slickensides having been thus 
determined, the du-ection and amoimt of displacement may he estimated in a. 
manner similar to that employed on the surface. 

Accurate location of the position of the ore body by crosscutting to the walls. 
and thorough determination of faults, first on the surface and then uTiih'r<;i'oiiriil, 
as roughly outlined above, will be found more economical in the long nin tluin 
running drifts in search of lost ore bodies without such calculation, 

CONTINUITV OF LODE ORKS. 

The exploration of the fissures and lodes of Bingliani has not been .Hulliciciit 
to warrant final judgment as to the continuation of pay ore in them to greal depl.li.s 
or horizontal extent. The best available evidence is found in the results oblained 
in developing the Galena, Eagle Bird, Queen, and Winamuck vciiiw. Although 
the first has been opened 3.500 fe^t horizontally and 700 feet veilirHlly. neither 
end nor the deeper portions of the workings were accessible. Extensive <iii' liodies 
on the lower levels southwest of the Qalena hoist are indicated on llu' stupe riuiji, 
but the exact amount and grade of ore there disclosed were not lo be learned. 
The Queen vein yielded rich silver ore through a vertical range of about IIKI feci 
and a limited horizontal distance, beyond which the shoot pinched. About l.dOd 
feet below this level a vein is said to have l)een encountered m Butterfield tunml 
at the point where the Queen vein was expected. This vein is reported hi cjirrv 
scanty ore, which closely resembles the ore of the Queen vein in values and niin- 
ei-alogical character. The Eagle Bird and Last Chance lodes apgiea 
their strength and are reported to have kept their values in depi 
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for 787 feet on an average 60° dip and the latter for about 575 feet vertically. 
The Winamuck vein, judging from selected assays from various points from its 
several hundred feet of workings on the dip, ran highest in lead and silver in the 
upper levels, and in gold, copper, and zinc at intermediate and lower levels, the 
total value of ore per ton falling off i:i depth. 

In certain instances pay ore in lodes was observed to pinch laterally and in 
depth. On the whole, however, lode ores in Bingham have proved tolerably 
persistent. Though perhaps leg ^ extensive and valuable than copper shoots in 
limestone beds, an average o '^-bearing fissure is probably more constant and 
thus more reliable. The incomplete available evidence leads to the conclusion 
that ore in strong northeast-southwest fissures of premineral date may be depended 
upon to extend for considerable distances horizontally, and deeper than any depths 
to which it has yet been iollowed. 

CONTINUITY OF COPPER ORE IN LIMESTONE. 

The maintenance of the present output of copper from Bingham rests on two 
possibilities — on the continuance of the knowrKbodies of copper ore in depth and 
on the discovery of new bodies. Although the (tstrict has been well prospected 
there are several favorable pieces of unexplored grcAind in which valuable ore bodies 
may be leasonably expected. Notwithstanding this possible additional source, 
the nearest possibility lies in the continuation of the known shoots in depth. 
At present, exploration remains shallow; there are no deep shafts in the district, 
and the possibilities of pay ore at any considerable depth remain unproved. 

The continuance in depth depends on a number of physical and chemical 
factors. Among the more important physical factors which might interrupt ore 
bodies are faulting and intrusion. Faulting in some districts causes deep concern. 
In Bingham — although it is in a region of such intense and complicated faulting 
that representatives of any of the various systems of complex faulting deciphered 
may be encountered on any shift — the common fear of faults should not exist, 
for so well have those directing exploration profited by their long experience in 
working out intricate faults that it must be an ususual structure which could cause 
serious hindrance to mining. The interference by intrusives, however, is not always 
susceptible of such systematic solution, and in son^ instances may prove a serious 
embarrassment. Thus while normal dikes and sills may be easily proved, as sug- 
gested above (p. 368), any marked irregularity in their form or extent, or a thickened 
sill or laccolith, gives rise to additional expense and uncertainty. Thus in one 
instance a dike which increased greatly in thickness as it descended was the occasion 
of no small concern and much increased cost for dead work. Each of these types 
of intrusives is so common in Bingham that their discovery should not be unex- 
pected. Neither, however, should offer serious diflBculty if the character of the 
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EXPLOITATION OF ZINC. 

The problem of saving the zinc in tlie Bingham orea is important and at the 
same time exceedingly difficult. Bingham ore is complex; copper, gold, and injn 
are auccessfully won from one class, and silver and lead from another. In many 
orea, particularly those of the latter type, zinc occurs. At present highly zinciferous 
ores are rejected owing to the smelter penalty. Thus it happena that not only are 
considerable masses of highly zinciferous ores abandoned either in stopes or on 
dumps, but the zinc content in shipments is cutting down actual earnings. In view 
of these facts and of the further possibility that direct search would result in open- 
ing in certain fissures considerable bodies of ore which would run liigh in zinc, it 
would se*m very desirable that further attention be given this problem by practical 
students of concentration and metallurgy. 

In Bingham zinc occurs chiefly in the lode ores which lie between monzonite 
walla, and considerable quantities have been observed in lodes lying between sedi- 
mentary walla. It forms uneven layers roughly parallel to those of its associates, 
and irregular bunches and stringers intermixed with them. The greater portion of 
this mineral is of the black-jack type, usually massive cleavable, and a few crystals 
have been found in vugs. The content of zinc in Bingham varies from a trace to 
45 per cent, with an approximate average in the fissure orea of 15 per cent (spp 
"Character of ores, " p. 115). 

At different times experiments in separating these zinc values have been con- 
ducted. But so far as learned no thorough s^'stematic work, commeiisurutc wil li I In- 
importance of the problem, has been done. Successful solution of Ihe problctn 
requires the clean separation of sphalerite from galena, pjTite, and chalc()pyriie. 
Tlie specific gravities of these metals are as follows: Sphalerite, 3.!) to 4.1 ; gulcmi, 
7.4 to 7.6; pyrite, 4.95 to 5,1; chalcopyrite, 4.1 to 4.3. The wide difference in 
gravity between sphalerite and galena thus readily allows a perfect separation of tlie 
zinc from leed and associated silver values by normal wet concentration. The 
proximity of the specific gravity of pyrite to that of zinc, however, renders the sepa- 
ration of these two by gravity methods impracticable. For this purpose magnetic 
separation has been successfully employed in several processes. The Wetherill 
system, which is perhaps more extensively used than any other, is in operation at 
several points in this country, in Germany, Australia, and New South Wales." 

Extensive and thorough experiments for separating zinc from iicm (pyrite) in 
zinc middlings were conducted at Park City at the new zinc plant during the fall und 
winter of 1903. A 49 to 51 per cent product was obtained, and a perfected device 
which was expected to raise the product still higher had been built and was abnut 
to be installed when the plant was destroyed by fire. 

slngsUa, W. R., Production and propertle* of line: Eng. and Uln. Jour., 1902, p. 276. 
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An additional difficulty encountered in Bingham ores is the separation of blende 
from chalcopyrite. Fortunately those ores in which the zinc occurs in largest 
amounts — the fissure ores — are those in which chalcopyrite occurs in the smallest 
amounts. It seems entirely possible, however, judging from results obtained, that 
by one of several tested methods this chalcopyrite may be separated. One method 
proposed is on a basis that chalcopyrite is more magnetic than pyrite and less t)ian 
zinc blende, and it consists essentially of giving the ore a slight roast to render the 
chalcopyrite more magnetic than the blende. The writer is informed by those who 
have operated this process on a small scale that it has accomplished a successful 
separation of zinc from chalcopyrite, and that there is no evident reason why it 
should not be successful on a commercial scale. 

Inasmuch, then, as all the metals present in the Bingham ores have been success- 
fully separated from zinc, it would seem wise, before exploiting fissure ores on any 
considerable scale, to undertake adequate tests along lines suggested by these 
processes with a view to avoiding the penalty and increasing the total saving from 
the ore by separating and saving the zinc content. 

EXPLOITATION OF AURIFEROUS GRAVELS. 

In Bingham gold has been found in stream, bench, and rim gravels from 350 
and 400 feet above to 150 feet below the present stream level. As most of the placer 
mining was carried on in the early days, however, and the principal later workings 
were inaccessible at time of visit, only general information could be obtained. 
So far as may be judged from obtainable data it appears that placer gold may 
still \$d found in the high-lying remnant adjacent to Dixon Gulch (Dixon bar), 
in the shallow creek deposits in Bear Gulch, and in the deeply buried creek deposits 
underlying the present stream in lower Bingham Canyon. That portion of Dixon 
bar which remains unworked is small and uncertain. The Bear Gulch deposits 
offer hardly any greater inducement, as they are relatively restricted, probably 
in large measure worked out, and lack sufficient water. The deep gravels in the 
lower can^^on, however, are reported to carry well so far as explored and to yield 
an abundance of water. The commonly accepted reason for abandoning explora- 
tion of these deep gravels is inability to handle the water. The method said to 
have been tried was to open a section in the gravels, across the canyon, by extending 
crosscuts to either rim at regular intervals from a shaft, with a view to collecting 
in these workings all seepage and underground water from upstream and to pump 
it thence to the surface. It was hoped in this manner to cut off a sufficient portion 
of the underground flow to permit successful handling of the pay gravel in the ground 
under exploration downstream from the shaft. In view of the size of the flow 
encountered it is hardly surprising that this attempt failed. A natural, economical. 
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and in all probability successful method of exploring and draining the ground 
simultaneously would have been by a long, bed-rock drain and work tunnel from 
below. This tunnel might be Btarted at »uch a point downstream that, allon'ing 
for an ascent on u siiilable grade for drainage, it would strike bed rock at the lower 
end of the workable ground. Such a tunnel would serve as a natural drain for all 
ground entered, thus affording water and sluiceway on the spot for commercial 
gravel and as a work tunnel for all ground thus redeemed. The natural fall of 
the present stream bed admits uf such a tunnel ; and. if it is proved that the values 
existing in these deep graveb warrant the outlay, the enterprise would seem to 
be commercially justifiable. 



I 



ADDENDUM. 



RECENT DE\rELOPMENT8. 

During the unusual but unavoidable dela?y wliich the publication of this report 
has suffered, much important development work has been carried on in mines, and 
extensive reduction plants have been built. Althougli it has not been practicable 
to make a personal examination of these later developments, which would have 
involved practically a resurvey of the district, it lias been possible to keep informed, 
through personal communication and current literature, as to their general char- 
acter. This supplementary information, though necessarily fragmentary and 
not personally verified, affords a general indication of the more important under- 
ground and surface developments which have taken place since the close of field 
work in 1900. 

The period from 1896 to 1900 was characterized by consolidation of large 
tracts under individual companies and by extensive underground exploration of 
several great properties. Thus the United States, Bingham Copper and Gold, 
and Boston Consolidated were then actively engaged in underground exploration 
for bodies of copper ore, the Highland Boy alone having then begun active shipping 
of copper-sulphide ore. The exploration by these companies, as well as that by a 
later consolidation, the Yampa, proved successful. Consequently the period 
which has elapsed since 1900 has been characterized by preparation for extracting 
and reducing copper ore, and subsequently by regular sliipments. During these 
larger operations smaller shippers have continued active work, and a number of 
other groups have been consolidated. 

The Highland Boy (Utah) has followed its great No. 1 shoot downward more 
than 100 feet from the No. 7 to No. 7h and No. 8 levels, explored it on those levels, 
and developed a large body of ore which, though slightly lower in grade than that 
on No. 7 level, is safely within commercial limits. A new large valuable ore body 
h«s been discovered in the hanging-wall limestone 160 feet above the quartzite. 
In consequence an addition to the smelter was begun late in 1903, which is designed 
to increase its daily capacity from 500 to 700 tons. These extensions include (1) 
an addition to the main building of 87 feet, making a total length of 464 feet, which 
will shelter two new reverberatory furnaces 43i by 17 feet; (2) a dust chamber 
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56 by 27 by IS feet, and a stack .5 feet 5 inches by 190 feet for the converters alone; 
(3) an addition to the roaster building 126 by 65 feet to contain 12 additional 
McDougal calcining furnaces; (4) a new Nordberg Weatiughouse engine generator, 
with capacity of 250 kilowatts, and minor additions and renewals to the present 
plant." The recent output from this property has been differently stated by 
different writers. It is reported that in 1001 the smelter treated 467,82;} tons of 
ore, wliich yielded 7,123,197 pounds copper, 14,787 onnces gold, and 137,157 ounces 
silver; and in 1902, 167,713 tons, yielding 10,500.000 pounds copper. 19.07H ounces 
gold, 160,915 ounces silver. Another report states that during that period (1901-2) 
the company paid SI ,275,000 in dividends. During 1904 this property, it is afKnned, 
prttduced approximately 15,000,000 pounds of copper iind paid 8900,000 in divi- 
dends. At date of writing the smelter is treating 700 tons daily, and dividends are 
paid regularly. 

The United States Mining Company operates at Bingham the Old Jordan, 
Galena, Telegraph, and Niagartt. As a result of development work which was 
conducted in these properties in 1900 and 1901, extensive equipments for shipping 
and reducing copper-sulphide ores have been Installed. Ore i-s; transported by 
an aerial tramway sj-st-em of the Bleichert pattern from the Old Jordan and Tele- 
graph to a central loading station at the mouth of Bear Gulch, whence it is taken 
over the liigh divide on the south side of Bingham Canyon to a lower terminal 
near the Rio Grande station below Bingham, a distance of about 3 miles, wliei-e 
it is loaded into Rio Grande trains. 

The United States smelter, located at Bingham Junction, weni inlu curii- 
mission in November, 1902. It was originailj- built with a capacity of 1,000 Inns 
for treating copper ore, and recently a plant of 400 tons capacity, for reducing 
ai^ntiferons lead ores, has been added. This is the largest private smelter in (he 
valley. It embraces sampler, furnaces, converter, clay mill, hriquettmg mucliiue, 
and boiler plant. The sampler, like the other parts of this plant, is noteworthy 
for its automatic labor-saving devices. Five of the six furniu-es are now running. 
and an averse of about 900 tons a day is smelted. The converter plant has two 
stands. The managing director of the company is reported tti have stated at an 
annual meeting of the company, that ' ' the United States smelter is better equipped 
with labor-saving devices and machinery than any other smelter in the West, with 
the exception of the new Anaconda plant,' ' and that he expects to show during the 
year 1903— i ' 'costs lower for the kind of ore smelted than at any |)roposition any- 
where in the world."* In the spring of 1904 it was decided to exploit the 
argentiferous lead-bearing fissures on this property; and, accordingly, l)ids have been 
asked for the installation at the smelter of three additional furnaces and a complete 

aBoreoMD, B. S., Udm and HliMnili. bSslt Lkke Uinlng ttevteir, April :ui. IW3. 
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equipment for treating their lead ore. During the year 1903 the United States 
smelter is said to have produced from ore yielded by its Bingham and Tintic 
properties 8,000,000 pounds of copper bulUon, and during 1904 to have produced, 
from its own and custom ores, 11,000,000 to 12,000,000 pounds of copper. 

The Bingham Copper and Gold Company has not only maintained but signifi- 
cantly increased its output of rich copper-sulphide ore from the Commercial mine. 
Development has resulted in the disclosure of new copper ore bodies and a lead 
body in the upper western portion of the property. The unwatering of the large 
consolidated Brooklyn-Dalton and Lark property, acquired by this company in 
1901, has been accomplished by a long tunnel cut in from the east. The workings 
thus drained have been put in shape for mining, and active underground explora- 
tion is reported to have revealed, among other valuable developments, a large 
body of minable copper ore in the Brooklyn. Shipments from this portion of the 
company's holdings were begun late in 1903. These, with the increased output 
from the Commercial, have necessitated additional furnaces and converter 
stands at the company's smelter. In 1902, 250 tons were shipped daily from 
the Commercial, and an additional 150 tons from various small mines were treated 
at the smelter. During that year between 8,000,000 and 9,000,000 pounds of 
copper bullion are reported to have been produced at the smelter, and during 1904 
approximately 11,500,000 pounds. Indications point to an increased joint output 
from the reopened Dalton and Lark-Brooklyn and the Commercial mines. 

The Boston Consolidated Company, after persistent and judicious search for 
the Old Stewart ore bodies in depth has opened on the Work and Peabody levels a 
large shoot of rich copper-sulphide ore. In delimiting this body strong faults 
were cut, and in depth between the Peabody and Armstrong levels unproved 
deformation was encountered which may turn out to be a flat fault or thrust. 
Extensive underground development is being prosecuted at lower levels, with a 
view to catching this shoot in depth. A bunk and boarding house and a power 
house, fully equipped, have been installed. Late in 1903 shipments were made 
to the smelters of the United States Company and of the Bingham Copper and 
Gold Company, and a two years' contract was made with the Bingham Copper and 
Gold Company on a basis that the Boston Consolidated Company should ship to 
the smelter 200 tons daily. It shipped in October, 1903, 500 tons; in November, 300 
tons; in December, 500; in January, 1904, 2,700; and in February, 4,000. Assay 
sheets for the new ore body indicate that for a Bingham ore it carries notably 
high copper values. Thus the October shipments averaged 5.172 per cent copper. 
The disposition of the output from this mine after the conclusion of the present 
contract has been left in abeyance for the time being. 

The success of these large properties has stimulated further consolidation and 
development. Some of the newer comnanies have already entered the shipping 
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class, and further additions will be made upon the completion of reduction works. 
Thus, the Yampa ConsoUdated Company has secured the Yampa and seven adjoin- 
ing claims on the north slope of Carr Fork, covering the Yampa limestone north 
of and overlying the Highland Boy limestone. A power plant was erected in 
Carr Fork at the point where the canyon intersects this limestone, and thence a 
long tunnel has been driven westward along the strike of the ore-bearing Umestone. 
The total development work on this property on April 1, 1903, is stated to have 
amounted to 5,910 feet, of which over 5,000 feet has been driven by the present 
company since it acquired the property in April, 1901. The outcome of this explora- 
tion is the discovery of ore bodies which are reported to be large in size and good in 
grade. It has been stated that in March, 1903, this company entered into a con- 
tract to supply the Bingham smelter with 2,500 tons of ore a month for a period of 
two years. In the latter part of the year a smelter was started by this company 
in the main Canyon, below Bingham, which was completed on the original plans 
in December, 1903. It has one furnace 42 by 14, with an initial capacity of 250 
tons daily, with power, dust flues, bins, and stack for double that capacity. It is 
reported that the original design to employ hearth roasting has been abandoned 
and that the plant has been largely rebuilt, with a daily capacity of 600 tons. The 
smokestack rises 287 feet above the tuyeres, and is thus the highest stack in Utah. 
This smelter will produce copper matte and ship it for refinement to some valley 
plant. 

^Exploration in the smaller mines has been rewarded by the discovery of 
sc\ (»ral valuable ore bodies. ' In the Kempton mine a large body of high-grade 
argentiferous lead ore with accessory copper has been found. The Columbia 
mine apparently maintained its regular output, as its shipments for 1902 are given 
as 175,000 pounds of copper, and a number of shipments have been made sub- 
secjuently. In 1903 the property passed into the hands of eastern capitalists, 
as the Ohio Copper Company, and is being extensively opened. A neighboring mill 
has been reequipped and is treating 120 tons of second-class ore a day, and the Bing- 
ham smelter is receiving the first-class ore. The Erie mine also has been recently 
accjuired by the operators of the Columbia. Early in 1901 a body of rich argen- 
tiferous galena was struck in the Ben Butler, and regular shipments followed. Late 
in 1903 litigation between the Ben Butler and the Liberal, over the ownership of 
an ore body, resulted in the consolidation of these properties as the Butler-Lihoral. 
It is understood that since then profitable operations have been resumed. 

In the Silver Shield mining was int.errupted early in 1902 by an uncontrolla- 
\)\o How of water. Subsequently the property was consolidated with the Bully 
Boy. and a det<»rmined effort to drain the property was made by extendinir tlu^ 
Kranklin tunnel under the Niagara to the Silver Shield fissure. Although noiliiiio: 
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definite has been given out, it is understood that ore has been found at Franklin 
tunnel level in Silver Shield ground near its limits. 

The Nast, during 1901 and 1902, produced $20,000 of ore, and the owners 
have equipped the property for more extended and deeper development. In 
October, 1902, the Zelnora, Morning Star, and Frisco were consolidated as the 
New Haven Copper and Gold Company. The Frisco tunnel was selected as suit- 
ably located for a work tunnel for the entire property, and has been extended 
toward Zelnora groimd. Properties including the Highland Boy Consolidated 
(located north of the Highland Boy and Yampa on overlying calcareous members) 
and the Red Wing extension have been consolidated as the Utah- Apex. This 
ground is also being opened by a long crosscut tunnel, and recent work is reported 
to have disclosed ore which yielded good assays. The Winamuck and Tiewaukee 
were leased jointly in 1901, and are reported to have yielded several shipments. 
The Butterfield was engaged in 1901 in milling experiments. Subsequently the 
property passed into new hands. The old Fortune mine has been reopened as the 
Fortuna and is now being further developed. At the St. Joe, Copper Boy, and 
Great Divide development work is being conducted. 

An experiment which may exert much influence upon the future of this dis- 
trict is the mining and concentration on a large scale of the mineralized monzonite 
at Upper Bingham. Low values in gold and copper are here disseminated through 
a great laccohthic stock. The Utah Copper Company has secured an extensive acre- 
age (including the Wall group) in that vicinity, and has erected a concentration mill 
of 500 tons daily capacity in main Bingham Canyon about 7,000 feet below the 
Rio Grande station near the site of the No. 1 shaft of the West Mountain Placer 
Company. This mill is equipped with 3 Corliss engines of 125, 150, and 350 horse- 
power; 2 crushers (Gates Nos. 6 and 4); 2 rolls (Gates, 26 by 12 and 36 by 16); 
6 Chilian mills; 32 Wilfley and 2 Overstrom tables; 2 slime tables (Wilfley); 18 
frue vanners; 6 hydraulic classifier and slime-settling tanks. Water is procured by 
pumping from the West Mountain shaft, and ownership of water of Mound springs, 
near Garfield Beach, aboiit 12 miles distant, has been secured. The plant designed 
for 500 tons daily is reported to be treating 550 tons daily. Concentration is said 
to be about 20 into 1 by the usual wet methods. As a result of this experiment 
it is stated that the erection of a permanent mill, of 3,000 tons daily capacity, is 
contemplated. The holdings of other companies, notably the Boston Consolidated, 
embrace large bodies of this mineralized monzonite, and the work of the Utah 
Copper Company may inaugurate an important new phase of copper mining in 
Bingham. 

Another enterprise of wide import to Bingham lead producers is the erection 
in 1901 of a modern extensive plant for smelting lead ores at Murray by the Amer- 
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No 87, 1^ miles N. 27^ E. of Clipper Peak. 
Productus aff. P. poirectus Kut. 



Station 2561. 

Productus sp. 
Station 2560. 



No. 76. 1,100 feet S. ¥f W. from U and 1 mine. 



Seminula subtilita Hall ? 



Avicula acosta Coxf 



Station 2562. 



No. 75. Dumf> 2,000 feet S. 20^ W. from U and I mine. 
Z^aphrentoid coral. Myalina sp. 

Station 2572D. 

Limestone on main ridge between heads of Baltimore and Cottonwood gulches. 
Fusulina aff. F. cylindrica Fisch. > Productus cora D'Orbigny. 



Station 2550. 



Nine-tenths mile N. 32° E. of Clipper Peak 
Fusulina aff. F. cylindrica Fisch. 

m 

Archsocidaris sp. 



Productus cora D'Orbigny. 



Station 2572C. 

Just below summit of Clipper Peak, on northern slope. 
Fu.sulina aff. F. cylindrica Fisch. Marginifera 9 sp. 

Sponge. Productus cora D'Orbigny. 

Batostomella aff. B. abrupta Ulrich. Productus aff. P. porrectus K 

Rhombopora aff. R. lepidodendroides Meek. ', Streblopteria a(T. S. herzeri M 



Station 2558. 



No. 54. Summit of Clipper Peak. 
Fu.suliiia afr. F. cylindrica Fisch. 
Productus suhhorridus M(M?k. 
Productus semin-ticulatus Martin? 



Squamularia aff. S. porplexa ] 
Euomphalus ?sp. 



Station 2572B. 



Southeastern spur of Clipper Peak. Limestone, first bench below and 500 foot sovit 
Campophyllum aff. C. torquiuni Owen. Productus cora D'Orbigny. 

Archaeocidaris sp. 

Station 2572A. 

Southeastern spur of Clipper Peak. Eight hundred feet southeast of socon<l ImmmIi 
Fusulina aff. F. cylindrica Fisch. Zaphrentis ? sp. 

* Station 2572 

Section along divide, boundary between Salt Lake and Tooolo count ios. Smitlioi 
Impure limestone, third bench from top. 

Batostomella n. sp. ' Cleiothyris orbiouiaris MoClio.- 

Chonetes aff. C. verneuiliana Norwood and Pratten. 

Station 2507. 

No. 96. Dump 1 ,000 feet S. 45*" E. of Midland upper tunnel. 



Lophophyllum aff. L. profundum E. and H. 
Campophyllum sp. 
Archaeocidaris trudifer White. 



Seminula subtilita IlalW 
Avicula acosta Cox. 
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Station 2555. 
One-eighth mile west of Dalton and Lark mine, Salt Lake County, Utah. Side of hill and along road. 



Chiefly from upper portion of limestone. 

Sponge. 

Zaphrentis sp. 

Fenestella 2 spp. 

Polypora 2 spp. 

Pinnatopora 2 spp. 

Batostomella n. sp. 

Leioclema aff. L. arancum Ulrich. 

Orthotetes aff. O. cvmbula Hall & Clarke. 

Chonetes aff. C. flemingi Non^'ood and Pratten. 

Productus cora D'Orbigny. 

Productus subhorridus Meek. 



Productus cf. P. horridus Sowerby. 
Productus ivesi Newberry ? 
Productus aff. P. poirectus Kut. 
Productus sp. 

Squamularia aff. S. perplexa McChesney. 
Spiriferina campestris White ? 
Hustedia monuoni Marcou. 
Conocardium sp. 
Omphalotrochus sp. 
PhiUipsia sp. 



Station 2576. 

Seven-eighths mile E. by X. of Telegraph mine, on back of a long spur. Upper portion of upper limestone. 

Zaphrentis ? sp. Meekella sp. 

Syringopora aff. S. multattenuata Mt<'hesney. Chonetes atf. C. flemingi Norwood and Pratten. 

Archapocidaris aff. A. cratis White. Productus cora D'Orbigny. 

Fenestella sp. Cleiothyris orbicularis McChesney? 

Rhombopora aff. R. lepidodendroide** Meek. Spiriferina t sp. 
Orthotetes t sp. 

Station 2555A. 

One-half mile south of Dalton and Lark mine, Salt Lake County, Utah. Crest of ridge. Upper part of 
Jordan limestone. 



Sponge. 

Syringopora aff. S. multattenuata McChesney. 

Campophyllum ? sp. 

Stenopora sp. 

Batostomella n. sp. 

Chonetes '( sp. 

Productus semireticulatus Martin. 

Productus cora D'Orbigny. 



Productus .subhorridus Meek. 

Productus aff. P. porrectus Kut. 

Productus sp. 

Orthoncma ? sp. 

Bellerophon aff. B. crassus Meek and Worthen. 

Conocardium sp. 

PhiUipsia sp. 



Station 2564. 



No. 83. Spur S. 45° E. from West Mountain Peak, 50() feet below road. 
Crinoid fragment. 

Station 2.569. 

No. 84. On spur extending 45° E. from West Mountain Peak, 1 ,100 feet east of road. 
Phxluctus cora D'Orbigny. 

Station 255(3. 

Spur nmning southeast from West Mountain (on southern edge of sheet) a few hundred feet below read. 
About middle part of lower member of double limestone. 

Fenestella aff. F. tenax Ulrich. I Productus aff. P. porrectus Kut. 

Productus cora D'Orbigny. , 

Station 2556A. 

Same as 2556. exc<»pt that thest* specimens may not have come from middle portion altogether. 
Polypora ? sp. Productus semireticularus Martin f 

Productus cora D'Orbigny. 
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Station 2556C. 

Spur running southeast from West Mountain (on southern edge of sheet) a few hundred feet below level of 
n>a(l. Below middle part of lower member of double limestone. 

Feiies^toUa sp. - Rhombopora aff. R. lepidodendroides Meek. 

Polypora sp. ; Productus cora D'Orbigny. 

Dnraotiypa? n. sp. 

Station 2574. 

Crest of long spur seven-eighths mile southeast of Telegraph mine. Lower portion of lower limestone. 
Crinoidal fragment. Rhombopora aff. R. lepidodendroides Meek. 

Fi^tulipora aff. F. carbonaria Llrich. Bellerophon sp. 



Station 2574A. 



Same as2o4 4. 
Fusulina aff. F. cvlindrica Fischer. 



Station 2574B. 



Same as 2574. but on north flank, instead of on crpst of spur. 
Cha^tetes milleporaceus E. &. H. 

Station 2575. 

Oi >4Mith slope of spur south of Lenox and Daylight-Extension mine. One mile S. 50° E. of Tele^apli 
niiii»v Lower limestone forming knob below main cliff of gray limestone. 
Ku^ulina aff. F. cvlindrica Fisch. Lingulidiscina sp. 

l'li;iM«*tes milleporaceus E. & H. 



J^ATION 2570. 



N« 1. ti2. One-half mile south of Badger mine. 
S\ TiTi:jnix»ra aff. S. multattenuata McChesnev. 



Station 25G3. 



N«». oi. One-half mile soiitli of Badger mine. 
Kri'.::itN»jx»ni atT. K. lepidixlendroides Meek. 

St.vti >N' ">>>. 

N«». 7A. Top of Biiltertield Ponk, southwetsl of h«'ad of Butterfield Canyon, hvml «•!' iii.iTh\\. -• »1:\ .it 
r.: r..i-'.{Hini aif. P. nerideis White. S<'ininula siihtilita Hall' 

>-. ij.,j>,ra -^p. Sc]uanmlaria uff. ^. per{»k xa M<< i)i -:.. 

Station 2565. 

v. , 70. .Tu.'it off map. 2.700 feel S. 25" E. from St . Jame^ mim». 
' u::.:»"|»:.yl!'jm f >p. Batostomcila n. sp. 

Station 2.S.57. 

< K <pnr 3.<NlO f^'et S. l.V K. from St. James mine. 

J .•..-,*. ;ia All. F. Teiiax L'irich. Rhoml>i>pora aff. R. lepi<iiHi»'iulr. -iii - M* t k 

i' ;. T)'>r:i "ip. PnxluctVH iv(*«.i Nt'NvU^rr- ' 

.'•.• .:::;'<l»-s n. <p. Spirifi'riua camjH'slns Wiiiu-f 
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I^ATioN 2556B. 



Long spur running nearly due southeast from 
of spur, at about contour 7200. 
Sponge. 

Polypora 2 spp. 
Fenestella aff. F. tenax Ulrich. 
Fenestella 2 n. spp. 
Fenestella sp. 
Pinnatopora 3 n. spp. 
Pinnatopora aff. P. youngi Ulrich. 
Pinnatopora aff. P. vinei Ulrich. 
Pinnatopora aff. P. conferta Ulrich. 
Diplopora n. sp. 
An^imedes aff. A. negligent Ulrich. 



West Mountain — southern maigin of sheet. Near extremity 



Archimedes aff. terebriformis Ulrich. 
Archimedes n. sp. 
Ichthyorhachis n. sp. 
Rhombopora aff. R. persimilis Ulrich. 
Rhombopora aff. R. armata Ulrich. 
Streblotrypa sp. 
Thanmiscus n. sp. 
Productus subhorridus Meek! 
Product us semireticulatus Martin. 
Productus aff. P. porrectus Kut. 
Productus cora D'Orbigny. 



Sfation 2571. 

No. 88. S. 45° E. from West Mountain Peak, 1.1 mile east of road. 
Lingulidiscina sp. j Productus cora D'Orbigny. 

Station 2568. 

Limestone ledge, north side of road, at bottom of Butterfield Canyon, just above Black Jack Gulch. 
Fenestella sp. i Polypora sp. 
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situation of 244 

workings in 244 

Alforata mine, description of 292 

Alkalies in igneous rocks, analyses of 130 (note) 
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analyses, assays, and chemical tests by 107, 

108, 113, 178, 182, 206, 221 , 222 
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Argentine tunnel, location and general features of... 271 
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mining at, methods of 332, 336, 350 

pay horizons in 334 

values in 337, 361 

Armstrong tunnel, Stewart mine, description of 285 

development in 282,285 

Arsenic-copper sulphite, ot^currence of 214 

Arsenopyrite, occurrence of 327 

Ascending solutions. See Aqueous solution.s. 

Ashland mine, geolc^ic .structure in 244 

ore bodies in 244 

.situation of 243 

workings of 243-244 
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Authors, bibliographic list of 99-102 

Azurite, character of 110 

occurrence of 110, 218, 223, 268 

B. 

Badger mine, description of 323 

Baltimore Gulch, geology of 329-;?30 

Bancroft. H. II., cm shipment of ore from I'tah 83 

Banded ore. structure of 154-159, 192-194, 280 

structure of, figure showing 201 

plate showing 194 

Barite, occurrence of 120, 161 

Hurren fissures, features of 13*>, 146-149 

trend of 137-138 

Batteries, electric, use of, in blasting 88 

Bazouk mine, Ux;ation of 2.W 
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plate showing 348 

mines in, descriptions of 248-2.53 

list of 248 

placer workings in 3;«, 332, 335 

Becker, G. F.. on molecular replacement 194 

Bedded ore, croppings of, features of 362 

occurrence of I.'i0-1.52. iriO-161, 193 

.S^r cUw Banded ore. 
Bemis, (i. L., on ore values in Winamuck mine. . . 304 (note) 
Bemis concentration mill, situation and equipmentof. 95 

Bemis tunnel, location of 325 

Ben Butler mine, description of 294 

ore body at, shale a.ssociated with. 129 

recent operations in 382 

shale from, analysis of 181, 182 

Bench gmvels, definition of 331 

deposition of 346 

distribution of 340-341 

395 
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Paffe. 

Bench gravels, workings In 850-352, 353-354. 355 

Sic alH) Gravels arut Placer mines. 

Benton knic, galena in 160 

Bt'iiton tunnel. Nasi mine, argentiferous lead ore in, 

plate showing 160 

features of 279, 280 

Bergmann vein, mineral In 280-281 

Bovan Company mines, gold ore alteration at 227 

Bibliography of literature relating to thedistrict 99-102 

Big ojK'n cut, limestone in 234-235 

Big rai.se, Fortune mine, ores on 312 

Bingham, population of 76 

Bingham Bulletin, on placer deposits 359,360 

Bingham Canyon, bottom gravels in, plate showing. . 844 

claims in, early location of 81-82 

concentration mills in 95 

drainage of 30 

early conditions in 81 

erosion in, stages of, profile showing 344 

first ore shipment from 83 

lir>t smelter erected in 89 

general features of 80 

geologic histor>' of 346 

gravel deposits in 49, 331, 834, 840-349, 864-360 

plate showing 852 

laccolith in, economic importance of 130 

exploitation of 383 

i»;atures of 76, 131, 154, 253-264 

pyritic deposits in 167 
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locution of 30,74-76 

map showing 75 

lower, geology of 299-300 
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mines in. description of 299-309 

1 ist of 300 
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platir workings in. li^l of ;^U 

j.rotiles showing 310 

profluclive area of 12:} 
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view in 32 
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Binu'ham Cons<^)lidated Mining Company, o]»erations 

of 2.>1 (note). 31') (note). 

organization of 99 

Hiiitrliam Copper and Gold Company. See Bingham 

Gold and Copper Ct)mpany. 
Bingham Creek, dis-^ection of gnivels by. plate show- 
ing 3 14 

lerniginous conglomerate along, view of 50 

^'( also Bingham Canyon. 
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Bingham Gold and Copper Company, operations of. . . 86, 

94,98,254,379,381,382 

smelter of, erection of 99, 384 

operations of 381-382 

slag losses at 94 

Bingham Gold Mining Company, operations of 254 

Bingham Junction, railway connections with 76 

smelter at 94, 96, 254 

Bingham laccolith. See Bingham Canyon, laccolith 
in. 

Bingham placer, correlation of 348 

description of 369-360 

Bingham Placer Company, operations of 3^ 

Bingham quartzite, age of 21-22, 36 

alterations of 86-36, 65-66 

banding in 83-34 

bedding planes of 86 

cliffs of, occurrence.of 36 

view showing 32, 36 

colors of 83-84 

conglomerate containing, view of 66 

contact of, with limestone, plates showing 128, 

226,262,266 

with monzonite, plate showing 134 

deposition of, conditions of 34 
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features of 33-37 

ferruginous, brecclated outcrop of, view showing. 52 

fossils of 36. 389 
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ledges of 32 
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c<)Iora<lu mine, geologic structure in 245 
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Commercial smelter. See Bingham Gold and Copper 
Company, smelter of. 

Concentration, experiments in 95, 282 

methods of 876 

natural, sequence of 228 

Concentration mills, operations of 95-96, 282 

Concentration works, first in district 98 

operations of 95-96,282 

C-ondor fissure, features of 232 

Conglomerate, character of, plates showing 50, 66 

occurrence of 49-<50 

Congor mine, ore in, character and value of 184, 813-8U 

Connor, Gen. P. £., exploration for minerals encour- 
aged by /. 79 

Jordan Silver Mining Company incorporated by.. 233 

Connor Peak, stratigraphic features of 22 

Contact deposits, definition of term 202 

formation of, intrusive agency in 201-210 

Contact-metamorphic minerals, list of 202 

Contact metamorphism. See Alteration and Meta- 
morphism. 

Copper, associations 6f 105, 218 

content of, in sulphide ores 78 

minerals containing, descriptions of 104-111 

mining of, epo<;h of 85 

native, (K'ourrence of 110, 223-224 

production of, in Salt Lake County, 1900-1903 385 

Sf.f alifo Copper ore. 

j Copper-arsenic; sulphite, occurrence of 214 

Copper Boy tunnel, recent development in 383 

.situation of 830 

Copper bullion, fineness (►f, at Highland Boy smelter. . y3 

Copper Center gmup of mines, development in 2>^l -Jvi 

Copper Center Crulch, claims in, consf»lidation of ^^t; 

copi)er-bearing porphyries of, worlc in n; 

fractures in i,\u 

geoloif ic features of JiS:;---'.'* i 

mines in , descriptions of 2'vW_»(.;: 

ore-bearing monzonitc outcrops in :uij 

Copper Center tinmel, exploration in. extent of _'.\s 

' geologic features of j.v. • 

I ore tle|K)sits in, character and value of J •".» 

Copper Gulch, geology of ;n 'i 

metnmorphic features in l^ , 

mines in :'.i.V;!i^» 

pHKluction (►f :;i'* 

CopfKT-iron ore, alteration isuperiieinl < i.i Jls l'j . 

dejMisits of 77 7^ 

smelting method*^ use<l «»ti '.':'.-'.M 

Str alito Ores. 
Cop]HT-iron sulphi<les. reaction of -iil|'liii. -I'lution 

on, chemical eijiiatii'ii ^Imw ins,' •J"24-"JJ'> 

Copper ore. alteration of 172 

bande<i stnu-ture in iv:^ 

figure showing jui 

barren material in, compositi* HI <>i i.ij 

comiM>sition «»f in ; 

deF)Osition of. metlMKis of _'<. ii.; 17_'. i-:;-jin. j.;i 

j>la<'cs of :■.<;:> 

relati»»n of, to intrusives jni-jiM 

deposits of, form of. (liaijram vli«>\\ iiiL' u^ 

relation of fissuriniur to in'-j:" 

developnn-nt ot. plates showing ].»■_• I'^i 

disseminati'd (in ij^ncous nM'k i. nlterntinn ^iip. r 

lieial ) of : 7j 

areal limitations of - 1 
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Copperore, disBeminated, difitribution of. 154, 160, 161, 163-164 

genesis of 167-172 

superficial alteration of 172 

forms of shootj) of 161, 865 

future development of, field for 385 

genesis of, in limestone 183-210 

in pori)hyry 25, 163-1?2 

summary showing 229 

in limestone, contact deposition of portion of 206 

continuity of 373-375 

genesis of 183-210 

in porphyry, genesis of 25, 163-172 

laminated structure in 158 

locus of 133, 3<i5 

occurrence of 77, 78, 127, 133, 134, 302-303 

origin of 25, 131, 163-172, 183-210, 229 

reduction processes for 89 

shootj) of, forms of 161 , 365 

size of 161 

smelting methods used on 93-94 

structure of 154-155. 157-158, 192-194, 3<')5 

supi'rficial alteration of 172 

typical banded structure of. figure sliowiug 201 

typical occurrence of 200, 365 

value of (highest) i:fe 

values of 120, 135 

See a/xoCoppi'r-iron ore, Copper-sulphide ore, Ores. 

Copper sulphiile. occurrence of 214 

Copper-sulphidi? ore, copper content of 78 

development of 85 

exploit^iiion and shipment of 879, 380 

genesis of, .«jummary .' 22<.> 

gold content <»f 78 

limestones bearing 77-78 

1<KM of 127, ia5, 161 

occurrence of 77-7s. rj7, 131, 151-155 

origin of 183-210 

;t?ums of, in marble, figure showing,' 200 

silver content of 78 

structure of, in limestone 154-155 

tonnage of, dully 77 

Set: altio Ores. 

Cornish pumps, installation of 89 

Coromandel tunnel, descripti(»ns oi 274. 2K8 

Correlation of formations, determinations concerning. 124- 

i2r.,:iS7-3-H<* 

Cottonvvtxxl Gulch, geologic features of 2H5 

limestone from, plate sliowing 40 

mincH in, docriptions of • 28t>-2>iS 

Country ro(;k. age of 7r». 124-12(;, KM). 387-389 

alteration of 17t'^179, 228-229 

chamctcr of 12:^-124 

effect of. in ore alteratiim 213 

in (tw <lcp<)sition 127-129 

<tn size of (»re Ixniics ItiO-ltJl 

decomposition of, by percolating waters 228 

deformation of, Old Jordan mine 235-238 

relation t>f ore (K'currence to i;i5-149, 161 

l)hy8ical features of 126, 127 

relation of (.re to 126-i:i5 

replacement of, by ore, features of 193, 199 

supertlcial alteration of 228-229 

Covellite, character and occurrence of 109,223 

Creek deimsits. S<' (iravcN ((»»/ Placer mines. 

Creek gravels, detinition and distribution of 331 , 340 

workings in 352-353, 354, 358-360 



Page. 
Creek gravels. See aJUo Gravels and Placer mines. 

Cross, Whitman, on pyrite, genesis of 167 

Crosscntting. value of, in exploration 365-366 

Crowley, G. W., placer exploitation by 332,357 

Crown Point mine, alteration in 216, 218 

geologic structure in 276 

ore In 275 

situation and development of 276 

(trustification. See Banded ore. 

Cubanlte. occurrence of 108, 803 

Cuba tunnel, location and course of 276 

Cuprite, character and occurrence of 109, 218, 223 

Cyanide plant, Highland Boy mine, installation and 

operation of 84-85, 91 

Cyanide process, experiments with 282 

Daggett. Ellsworth, acknowledgments to 74,315 (note) 

on Brooklyn and Revere mines 320 (note) 321 (note) 

on Dalton and Lark ore body 318 

on ore prtxiuction.cost of 90 

on ore values in Winamuck mine 308 

on Winamuck vein wall rock 301, 302 

See aUo Bristol & Daggett. 

Dalton and L«irk gniup of mines, list of 315 

Dalton and Lark mine, deep mining at 87,381 

ore deposits in, elevation of 123 

ores in, value of 319 

pumping methods In 89 

Damphool Gulch, placer gold in 3:i3, 334, 3a5, 337 

Dana, J. D., on dufrenoysite 113 

on mallaniite 117 

on realgar and orpiment 118 

Da vidsim stoi>e, Niagara mine, ore body in 241 

Davis, W. M,, on graded slojies 339 

Daylight Extension tunnel, description of 324 

Deep mining, examples of 87, 3*20, 381, 385 

Deformation of c<»untry nx-k. relation of ore to. . 135-149, 161 
Delia B tunnel. pori»hvritic nionzonite from, plate 

showing 44 

Dei>osition of ores, S<r On's. deposition of. 

l>epth, relation of. to values 215-221, 385 

Descending solution**. Stf Acjueous 8oluti<ms. 
Development. See Expl(>ilation and Exploration. 

Dewey mill, concentration. exi>eriments at 95 

l)ia.str(»phism, local manifestations of r2<'»-127, 135-149 

1 Jickson, C. W.. on genesis of ore deposits 164 

Differential faulting. See Faulting. 

Dike, definition of 366, 368-369 

Dikes, relation of. to ore iKxlies 132, 184, 188 

surface indications of 368-369 

underground features of 369 

Dip of fissures, effect of, on ore deposition 179, 180, 363 

I)iscovery. Sec Exploration and Exploitation. 

Displacement, direction and extent of 140-144, 161 

SeeiUso Faulting. 
Displacement of ore Ixxliesby faults, characteristics 

of 370-372 

Disseminated ore, occurreU(;e of. 154, 160, 161. HkJ-16 J, 167-1?2 

Dixon bar, placer workings in 332, 335 

Dixon Brothers, jilacer exploitation by 851 

Dixon Channel, i»lacer mining in 351 

Dixon Gulch, geology of - 288 

mines in 288-289 

placer workings in 332, 350 

Dixim mine, alteration in 216 
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Dixon mine, black 8hale in 152, 181 

.lewription of 3(»-30r> 

ore iKxlies in, asuocialions of 129 

nlation of, to Winamuck lode 304-305 

Dixon placer, correlation of 247,350,351 

Dolroath mine, Elkhoni, Mont., telluride In 209 

Dolomite, occurrence of 119 

M>luhility of 31 

DraiiuiKe tunnels, construction and operation of 30, 

88-«9,353.881.8H2 
S*t alsff Tunnels. 

Drifts and shafts, ime of, in exploration 86,H7 

Drill Ijole". Wall Rroup of mines, values* in depth 

>-lio\vn by 2G3 

Drills. i)ower used for ^ 

Druminond, T. R..acknowledKnient« to 199 

Dnises. oceurrence of, in copjK-r ores 157-158, 1H4 

Dry Fork, veins of, Bingham tiuartrite cliffs from ',Vi 

jrravel deixjsits in .' -IH 

\Norkinjfs in -j9 

Dry-washiuf? pn>cess, use of, in Si'henk placer 3.V> 

Dufn-noyvite, reported occurrence of 113 

HjikU' Hir«l fissure, extent «)f 144-1-|.'( 

\v< .rkin^s on 325, 326 

V.HiiU' Hini incline, Ux-ation of 325 

Kii:^'!* Mini IckIc. ore in, chara<'ter and v.ilue of 327 

K:iL;lf r.ini mine, IcK'ation of M 

oif IxKlies in, fealun^ of 147-148,327 

K< <.n«.nii<' p:eoloKy. field W(»rk on. dates and ehameter 

of 7:i-7 J 

i,'. inral '»keteli of 74-7H 

K<li-<'ii tuuiul. Stewart mine, opemtions at 2sl.2S2,2M 

F.i:l«-.t<>ii. Thomas, on fineness of th'trital gold ll."> 

i.u I'lacer ^old mining 3;W.:^»."» 

Kil' r«. A., on ore production, cost of \M) 

Klflor.ulo shaft, ehaleopyrite from, plate showing Hi) 

I'ViiU' in. development of. photomierograi»h show- 
ing 160 

Klrctric l>:itt<Ties, use oJ', in hhi'^ting ss 

IjiiiiKi iMinr. sucressful exploitation of si 

KiiiiiuMi*. .-. F.. a<'knowle<|gments to 7;J 

iMtr("luction by 17-25 

<.;i jiL'e of on*-bearing nnks near Alta 12.'> 

. .11 n'^t' of HK'k Hows in \Va>aleh region 25 

nil t liiimlie fa«'tor< alTei-ting alteration of <»res 213 

oil t'xtrnt of fissures a*, related t<» tlieir ni'iieraliza- 

tion 147 

oil tis>ures of Mercur mining district 146 

on mining developnuMit, early obsta<'les to 7y 

oil ( >(|iiirrh Range, ^tnietnral features of 'jo 

on ore deiM)sit<. striietural relati(»ns of 1 17 

on |iio(liiction of medals in Utah S() 

on pyrilic deinisits. genesis of 167 

on M'ondary enrichment of ores 212,'J13,2Ih, i.*2l 

on sulphides, def>osition of .^. J'Jl 

on '1 enmile district 2:^ 

on \VM«»jitch limestone at Kinma Hill 12.'> 

Work done by 7.". 

F.nij'ire <]Mim. l«K'ation of s"J 

KimruMte, character of Hi3. ln^ 

occurrt'nce of lox. biO. 22*2, 26s 

plnte showing cy*-talliiH* b<»«lies of los 

l-.rie li^viirt'. geoh)gie fonmitions traversi-d by 1 15 



ori-^ 111 



12<» 



Erie mine, ore in. character and value of 2SH-295 

ore body in. wall rocks anociatcd with IHl 

sale of 382 

shale from, analysis of 181, lft2 

Eureka limestone, equivalent of, in Mercur district. 12&-126 

Evans tunnel, prt)jectIon of 87 

Excelsior mine, gold ore alteration at % 227 

Exploitation, future field for 881, 385 

methods of 87, 335 

Exploration, methods of 86-89, 863-375 

Extra Session incline. des<*riptl<m of 314 

Extru.sive rw.k, analysis of alkalies in (note) i:V) 

character of 129, 130,369 

date of extriLMion of 211 

definition of 3<'i6 

determination of 36H 

forms of d6&-367, 368 

• False walls," features of 3»v4 

Fault (-roH") No. 1 level, obi .lordan mine, plate 

showing I'jv 

Faulting, eharaeler and extent of 140-1 14 

dirtlculties of expb>mti(»n cause<l l)y .Vi<» 

torsiomil or differential, examples of 143,2:i.H 

Faults, age of 5j 

angle" of .V* 

features of r^U^), 140-144, 2:Jl-2:i2 

tire-Uaring ag^'Uey of Kt.'> 

ore IxxliesintiTnipted by :>66. 37u .'57J 

origin of "»'*-■. 

txiK-Hof 1 JO 1;" 

criteria for determining ;: 

•v/ ««/>" FaultiiiL' mid Fi»«sures. 

F.Miinii <»f the district, albnitie" of 1_M..>T - 

S*/ »i/>o Fov>iN «i//»/ ['ab'onlolo:..'y. 

Field work, (haracter and divi««ion of l'.»- Jn. 7 . 

Fissure"", charaeti'r of 

dates f.f 77. I'-^-I m. -1 

dip of relation of {.ay to 1 J7. 17:".. 1 7.' i^n. _",,:-,. 

dip and tn-iid of 77. l:;7 l;'.^. ll»". 1 1'.>. i-il . "•' i • . 

<lisplaceinent on. f«'iitun"* and ••xttiii oi I ;i' I i ; 

>v* itfsf, FMnlt>. 

distributi«)n of : < . . 

extent <»r per'-i'^tenci' «»f 1 i ; : Ji.. i 17 ! .^ 

I'Xploratiou of. >Mi:v:«-^iioi;«- I-. 'iiiii I..; - ;,<.;: '.i . > 

features of '.•' 1. 1, :.;•■. i r- i7:; >■•. .'i.;. .; :i j i.- 
in marbb-, lieu;*- ^liou .;i- .1111 

fonnatiou" tniviixilb) . . . . !,. 

mineralize<l, exploPMiioii t..i- .;•.; ;•.! 

proptirtion of, to toinl nnini" i "i ii>-;in'^. . i )7 

trend and <lip of ... . l.;7 1 >. 1 I'. 1 i' !'•! .)"••,'-''»■• ;% . 
pa*«<age of. from <|nMrt/i:f lo .in"<-^i"!:'-. t«;itiii.-^ 

of IJ'. 1.7 

relation of. to ore <l<-po^i!ii. 11 1'.'" Jl'i 

to tis»nre> in iuljojiiiiii: niiii.nu 'li-' ; ii '<- . . ' i' 

surfaer indication^ ,.f . . .. ' _■ 

trend of. di:ii:ram *•! low Jul: 1 ^ 

relation of pay to 

upuard tt'rnnnntini:. tii:ur<' -how i;,- . . 
Fissure vein*;, njctasomntic pro.»v>.,- .i;. 

>v f fj/.s'o L< xb'*-. 
Ferguson lode. Na^^t mine, ii'uti.ir- .-, . '■ ><■. ■.'. '.'•> .7 ' 

[my streak in, pint'- '•bow iiii^ ... . ■ 

Febbpar. d«'compo"«iiion (it !<•- 171 " : ' i 

Ferroniagni-*^ian ^ilicMte--. ;ih<rMt loll <ii' :; ■ 
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Folds, features of r»6 

Fortuna mine. See Fortune mine. 

Fortune concentration mill, operations at 95 

Fortune mine, alteration (supet-fleial ) in 217. UlS, 223 

ore in, character and value of 134. IW, 3r2-:il3 

mode of occurrence of 152, l'»;J 

reopening of 383 

Hhale (black) in 181 

wall rocks In 181 

workingM in 31 1 

Fortune sill, location and extent of 311, 315 

Fotwils, identiUcation of 124, 387-393 

metamorphism of IH) 

Fractures. S<:e Fissure.*". 

Franklin tunnel, features of 87, 3^2 

location and exttint of 81, 2<i0 

Freeman Gulch, geology of 298 

mine workings in 298-'299 

Freight companies, rates levied by 84. 91 , 3*»1 

Frisco mine, consolidation of 383 

situation of 269 

♦' Frozen " contacts, occurrence of 175 

Fuses, use of, in blasting 8m 

C5-. 

Galena, alteration (siiperficial ) of, plate showing 220 

associations of 1 12 

calcitein 214 

character of 103,111-112 

deposition of, process of 194 

minerals lusaociated with 225, 22i) 

occurrence of. at 1 imestone-porphy ry contact 270 

in banded ore 158, 159 

in limestone 2<>8,269 

in monzonite 150, 278. 280. 281 

in quartzite Vn\. 205, 289. 295. 302, 304 

outcrops of 225 

paragenetic relations of ItJO, 161, 174 

silver-bearing, expUutation of 382 

occurrence of 200. 225-226 

at Lead ville, Colo 224 

va 1 ues i n 1 1 3 . •22:> 

See tiliio Lead-silver ore and Silver-lead ore. 

Galena claim, Iwation of 82. 9S 

Galena fi.««sure, Old Jordan mine, features of Hi , 

144, 157. 252, 234-2:J5, 362 

map showing 224 

ore occurrence in 127, 154, 200 

outcrop of, in Jordan limestone, plate showing... 184 

surface workings on, view of 222 

Galena mine, ore bodies in, extent of 147-148 

power u.sed in 8s 

recent devel(>pment in 380 

Galena Silver Mining Company, operations of '233 

Galena smelter, erection of 233 

Galena tunnel, stratigraphic features in 231 

Gangue, analyses of 191-192 

minerals in, descriptions of 118-120 

IM of 205 

Gardella, Bartholomeo, placer mining by 3:i2. 351 , ;J53 

GartU'lla placer, correlation of 347, 350, 354 

des<Tiption of : 353-354 

exploitation ot 335 

gravels in 341 

Garland. F. C.. acknowledgments to (note) 358 

105.56— No. 38—05 26 



Page 

Garnet, chalcopyrite developed in 206 

minerals associated Avith, plates showing 208 

occurrence of 119, 133. 202,20) 

in calcite, plate showing 204 

in association with chalcopyrite 205-20«> 

in metamori>hosed limestone, plate showing . . 190 

(Jeography of the district, general features of 29 

Germania .smelter, equipment of :W4 

German ia works, lead rednction at 95 

Giant C-hief lissnre, Old Telegraph mine, faulting on. 126. 141 

features of 149. 2-50, 252 

geologic formations traversed by 145 

Giant Chief mine, location of "252 

(fibl)ons, M., i>lacer prospect of 360 

Gilbert, G. K..on epein)geni(; movement in Great Basin . 344 

Girty. (J. H.. paleontologic work of 21. 

22, 3(>-37, 40. 74, 124. 387-393 

Gfxifrey. R., Nez Perces Chief claim located by 9h 

G(3diva limestone, equivalent of. in Mercur district. 125-12»» 

Gold, content of, in suliihide ores 7h 

defKisits ccmtaining 77, 7s 

in igneous rocks 1.^ 

nuggets of. finding of 115, 337, 358. 359 

occurrence of 77,78, 114-11.5. 164. 200, 239 

ores of, alteration of 22(^229 

genesis of, summary showing 229 

natural concentration i>roce.sses of 228, 229 

occurrence of 227 

oxidized, er>och of mining 84-85 

rednction pnH'Csstfs for 89 

values of, highest, hx'i of 135 

table .showing 122 

production of, in Salt I.ake County. 1900-1903 385 

placer, character of 331, 333, 337, 341, 342, 351, 352 

development of 331-3<J0, 349, 350-360 

discovery of 83. 98. 11.3, 332, 337, 358. 359 

fineness of 3:51. 333 

output of. table showing 3:?7 

sources of 341-312 

stamp mills for extnu-ting. equipment of 90-91 

tellurideof. iSe<; Tellnrides, 

values of 121-122 

index of Ki5 

variation of 150 

Gold-bearing gravels. Nrr Gravels. 

Gold-bearing pyrite, oxidation of 22?< 

Goslarite, fx-currence of 116, 118,214, :102-303 

Gos.sans, features of ^ 49 

.significance of 3«)2 

(Jravels (aurifenms), classification of 331 

altitudes of ;i44 

character of 341 

deposition of, geologic and topographic features 

of 4.5-49, 338-349 

stages of 331 . 310. 344-347 

distribution of 340-:Ml 

exploitation of 377-378 

faulting in 'AM 

history of. n:snme of 348-349 

I>lacer mining in :^)l-360 

.'sources of 311-;<42. 34.5-347 

thickness of 316 

values in 3:U. 3:W. 334-:i35, 337, 354. 358. [WJ 

Great Blue limestone, Mcrcur di.strict, eijuivalents of. 

in Tintic district 125-126 

Great Divide mine, recent development in :{S3 
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tJrecian Bend tunnel. Old Telegraph mine, copper ore 

from, pUtoHhowinK 194 : 

foaturtvof 2S0,2M 

gangiie material In, analj'een showing 192 

(. neloy tunnel, location and general features of 279 

< ;yi»sum . oc»currence of 119. 903 

H. 

Hall. W. H., on wall rock of Wlnamuck vein 301 

Hanauer. E.. acknowledgments to 315 (note), 321 (note) 

Harkor. A., on contactmlneralizatictn 20G 

Harriwm tunnel, description of 291 

Hayes. ('. W., letter of trantimittal by Ift 

Hiiiden TroaMire mine, location of M 

lli»?hland Boy claim, location of 9k 

ITi^hlaml Boy limestone, alterations of 42-18 

analyws of. table showing 190, 191 

contact of. with quartzite, deformation of. plate 

showing 266 

onpiKT ore in. figure showing form of deposit of. . 12S 

ffiuivalentj* of 41, 42 

oxjHjsures of 24 

faunul charac!<»ri8ticsof 388 

f ( a t u rt»s o f 4 1-43, 266-267 

f(M>t-wall quartzite contact at, plate showing 128 

motamon>hism in 184-192 

ininerali7.e<l Hs^ure in, tigtire showing 12H 

ore iMKliej* in 123,127 

map showing 224 

ihifknrssof 43 

Iliiililaiul Boy mill, cyanidt- plant at S4-IV'», 91 

1 1 iL'hlaml Boy mine, alteration in 215, 217. 2lJ>. 222, 223 

li«.'<l«h<.l •structure in 155, 193 

i'lial«'<>i»yrit»' and pyrite ore** fn»m. plHte!!> show- 
ing 19t>. 19S 

(•halo«)pyrit<i from, photcimicrographn of 2W 

rlilorite in 206 

.>unM)li<lation of 85,383 

coppi'rorein, dei^ositof. form of diagram showing. 128 

•liMMvery of. in paying value 98 

• M'currence of 77, 12^, i:«. 151-152 

1 .latos showing 192, 194 

St nirture of 158 

rountry rock in 2C<i 

<yanide plant and stamp mill at. results of oiiera- 

tionof 91 

development at 265. 379-380 

fftsuring in 138, 142 

geolojrif Mnicture in 26*»-2C7 

uoUl «)ro in, alteration of 226-227 

Kreeu garnet from, photomicrograph of 2(M 

history of 264, 265 

limestone and quartzite contact in. plate showing. 128 

limestone from. analysii> of 191 

photomicrograph of 18S 

plate showing 60 

mineralization in 267-2<W 

metumorphism in, featurt»s of 189-192 

metho<ls u«ed in 85, 87, 88 

on- iKxlicfl in 128, 133, 136, 267-268 

figures showing 128, 151 

horizons of 151 

ores in. character and value of 268 

typical oijcunrence of 200 

prrxluction of 91,265,268.380 

pyritouM copper ore in 77, 133 

K'ltious thrr^ugh. plate showing 2Wi 



Highland Boy mine, situation of 364 

stamp mill, with cyanide plant, erected for 85 

superficial alteration in 21ft, 217, 218, 222 

surface improvements at, plate showinf 264 

waters of. sulphurated hydrogen in 214 

Highland Boy smelter, e<iuipment of 98-94, 884 

first operation of 98 

matte refinement at 94 

slag losses at 94 

Highland Boy stamp mill, operations at M-SA, 91 

Hillebrand, W. F., acknowledgments to 74 

chemical analyses and tests by 107. 

Ill, 113, 118, 182, 189. 191, 192,206, 209 

on sulphide ores 214 

on tellurides 209.222 

Hintze, C, analj'sis by Ill 

HisU>ry of the district, sketch of 81-86 

summary of 98 

Heaton A Campbell placer, characteristics of 852-353 

HeiTron, G. H., acknowledgments to 74 

Hematite, occurrence of 206,308 

useof, in smelting 89 

Hoffman, — , placer claim of 360 

Holden, A. F., acknowle«lgments to 74 

on differential faulting 148 

on dufrenoysite 118 (note) 

on Inckite 117 

on mallardite 117 

on pisanite Ill 

on tcnnantite 109 

Holden . L. K. , development work of 'j:W 

Hoogley mine, dew'ription of 291-292 

ort»-U*aring flwoireM in. trend of 1 17 

ores in, character and value of jit-i 

Hooper level. Last Chance mine, featurt.-> of 277 

Hooi»cr mine, gold ore alteration in 22i'-J-j7 

H<»mbk'nde-augite-andesitc, occurrence of i;^» 

Homblende-biotite-andesite. ot-currener of l.in 

Horn silver, occurrence of j-jr; 

Howard pit placer, dwcript ion of :iV. 

Huntley. D. B.. on anglesite lis 

on assays of gold ore and tim-nrss t»f phicer 

gold 1 1:. 

on binnite in: 

on Brooklyn ore Ixxiy :;i s 

on cerargyrite 1 1 ;! 

on gold ore 114. ii:» 

on L<fad mine ore and nrv vein :ii ^ 

<m Old Telegraph mine, ore ImmHi'^ in -j-M 

on ore alteration -j-ji*.. j-jt 

on ori's, values <»f .'iCK*.. ':i^22 

on oxidized gold ores, val ue»« of i j-^^ 

on placer gold mining :yj. 3:i3, :^3.'». 3;;f 

on pyritouij ore -.MV.i 

on quartzite walls ;iT. 

on Queen and Bemis ores, vulius «»f ;vjf, 

on smelting, economic results of yi 

<m Stewart mine i».s i 

on Tiewaukee mine ores, vahn-s of :'jch', 

on Winamuek vein, wall nw-k of ;^,iii 

on Yosemite mine ores, values oi :;.rj 

Hydraulicking. placer raining by :'.:>i . 

;i;vj, ;{3-'». :Ch.». ;vVj. ;l\;, .;;r, 
Hydrogen. sulphureted, tH-eurrenoeof. in minr waters. l*i i 

llydntthenual metasomatism, features of 171 . 

172. 17'MMt. l'.M-l'.il» 
Hydrous j*olution«-. .^/ Atpieous s4»liitions. 
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1-Don't-Care tunnel, description of 329 

Igneous intrusions, date of 24-25 

effect of, on ore deposition 25,201-210 

Igneous rock, alteration of 176-179. 22«-'229 

alkalies in, analyses of 130 (note) 

area and ages of 24-25, 160 

cbaracterof 50-5<;,l!>9-130, 366-367, 369 

connection of, with ore deposits 25,160 

copper ores disseminated in, genesis of 163-172 

disseminated ore in IM 

exploration of, suggestions conceniing 366-370 

extrusion of, date of 24-25, 201 , 210-211 . 229 

extrusive and intnisi ve typos of 129-130, 366 

formsof 3f.6-367..'UW 

intrusion of, date of 21-25 

llthologic features of 12i>-130 

metamorphism by 1 W-210 

ore bodies in 1'29-132 

general features of 164-167 

genesis of U»3. 172 

petrographic features of 129-1 W 

See aUo Intrusive rock and Monzonite. 

lllinoismine, description of 314 

Ingalls, W. R., on Wetherill system of ore separation. 376 

IngersoU mine, description of 2h3 

operations at ^^l.JK-MNJ 

ore iKKlies in l'*2 

Intercalated series, equivalents of, in Bingham dis- 

triet 21 

equivalents of, in Wasatch district 125-126 



I'age. 

Jordan limestone, colors of 39 

equivalents of 3« 

exposures of 24. 38 

features of 3&-40,231 

fossils of 40,389 

fractures in 235,236 

(ialena fissure in, plate showing IW 

ledges of, view showing 38 

metamorphism of 40, lM-192 

metamorphosed forms of, plates showing 184, 188 

name of, derivation of 88 

ore bodies in 123,127.128 

map showing distribution of 224 

outcrop of. in Old Jonlan mine 234-240 

sections through, figure and plates showing. 226,237,262 

thickness of 40 

Jordan mill,concentrati(»n experiments at 95 

Jordan mine, alteration (>UfK:Tficiul) in 218,226-227 

galena outcrops in. l(>cati(»n of 225 

stamp mills of, bullion produ<*tlon of 91 

equipment of 90-91 

Sec iiiso Old Jordan mine. 
Jordan Mining and Milling Company, operations of . . 233 
Jordan Mining and Smelting Company, operations of. 233 

Jordan " roll.* featuns of 140-141,236, 237-238 

Jordan Silver Mining Compnny. organizers of 233 

Jonlan tunnel, .starting of 82 

Jordan Valley, effusive n>cl£s of 24 

smelters in. railway eonnetrtions with 76 

Jubilee group of mines, ownership of 281 

Jubilee tunnel, location an<l extent of 260 



location of 



82 



K. 



Intrusive rock, agency of, in contact deposits 201-210 j^n^ p^»an mine, description of 295-296 

age of 1 fiO 

alteration of 176-179 

eharacterof 1*29-130 

dates of Intrusion of 201. 210-211 , 229 

definition of StM\ 

economic importance of 130 

exploration of. suggestions (Concerning 3«*i6-370 

forms of 366-»i7 

fissures in. deiKwits formed in 129 

influence of, on ore deposition 130-132 

metamori>hism by 183-210 

ore lMsli»»s in. character of r29-132, 164-167 

genesis of 163-172 

ore bodies near 132 

Sr€ (ilfo Monzonite and Monzonite-pori»hyry. 

Iron, occurrence (>f 277, 27S 

" Iron hat." characteristics of 362 

Iron stope, Old Jordan mine, copper ores in 157 

methods used in 88 

pyrite crystals formed in 103 (note) 

Iron sulphate, occurrence of 213-214 

Iron sulphide. i>ccurrence of 200, 228 

Irving, J. D.. and Boutwell. J. M., on e<|uivalent«« of 

\Vel>cr quartrite in Bingham district. . 125 
Irving, J . I). . on pyritic deposits, genesis of 167 



.T. 

Jennings group of mines, purcha.se of 264 (note) 

Jersey Blue mine, description of 288 

methods used in 87 

Johnson, M. M., acknowledgments to 74,281 (note) 

Jones. T. H. B., No-You-Don't claim located by 98 

Jordan limestone, age of 40 

alteration of 38-39,40 

brecciated chert in, plate showing 40 



Kansas No. 2 tunnel, situation of 299 

Keel,G. W., acknowledgments to 326 (note) 

Keith, Arthur, ai»i>ortionment of field work to 19-20 

rei>ort on areal geology by 27-70 

work done by 20. 73 

Kelsi*y. E. B.. on pay gravel in Bingham Canyon 352 

Kempton mine, chalcopyrite and tetrahedrite coating 

pyrite in. plate showing 220 

chalcopyrite and tetnihedrite coating pyrite in, 

specimen showing 223 

mineral development in. order of 160 

recent development of 382 

Keystone Gulch, geology <»f 311 

mines in 311-314 

King, Clarence, on genesis of ore deposits 164 

on stratigrai»hy in Great Basin 124-125 

Kingston claim, l<K'ation of 82 

I.. 

Laccolith, definition of term 366 

at upiKT Bingham, economic importance of 130 

exploitation of 388 

featuresof 76,131.154,253-254 

pyritic deposits in 167 

situation of 367 

Laccoliths, ore bodies truncated by 374 

Lake Bf^nneville. influence of. in gravel deposition... 344 

Lancaster Gap. Pa., ore at, genesis of 164 

Lashbrook workings, description of 355 

Last Chance mine, alteration (superficial) in 216 

development and location of 84, 98, 276-277, 278 

fissures in, featuresof 138,144-145 
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I ^si Chance mine, geologic hlBtorj' of 277,278 

K<)1<1 ore in, aitoration of 227 

1(hU' in. fi'auirw of l:«, l-ix, !«, IW 

inonzonitc from. analy'*««<»f 178 

nionzonitc in, intniMion of. effects of 24, 185-196 

ore .shootn in IM 

%iii<>oreln ItX) 

I Atite, rKMurrence of 130. 810 

Se also Extnwive rrM'li. I 

Latter-Dtty Saints. .Sr^ Momum authoritieit. 

IjiviKMini). (!., on economic ri'sultM of smelting 91-93 

Ijiws n^lative to mining. n»visIon of 82 

Lcncliini^, e<ronomic features of 91-98 

works ft»r, first in district 98 

Load, trontentof, in argent lfert»us lead <ire< 78 

i-ontent of, in HhSiin* oiv 112 

extraction of 233 

minenilH containing. descripti<MiJ« of Ill-il3 

<H»cnrrenee of 200. 277. 278. 280 

pnxinclion of, in Salt Jjike County, 1900-19(« 385 

valu(»fl of 121 

L4'ad-curb<>nate ore. analyses of 2.t2 

mining of 85 

stiipment^ of 84 

zone of, pawnng of »4 

U^ad mine, alteration at 22»» 

lime^^toneof, mines in, list of 315 

locati(m of 84 

on* Ixxlies in, exploration of 316 

location and extent of 317,318 

pumping methods in 89 

zone of, mines in 316 

l.rad Mine (station). andt"*i!e tulTs near, plate show- 
ing 48 

KnivtO deiM.wits n<"ar 47 

L<'ad mininj?. ep<K'h of M 

pn )Kress in X5 

lyead ore, analysis of 252 

classes of 111,113.2x1 

p-nesis of, summary sh(»wing 229 

lodes, i>ersistent, of 132 

minenils associated with, j»latc showing 15h 

4M'<nirrt»nce of 77,78 

set'tion of, figure showing 2:^7 

values of, index of 135 

Str ali*t> l^ad-<rarlK)nate c»re. Lead-sulphide ore. 

Lead silver or*', exploitation <if 84. 85. 380. 3S2 

features of 2iX). 225-2'.ir» 

Ki'uesls of 172-1 s.\ 

]ilates showing 158, \iStt 

slux»ls of, Htructure of l;Vv-157, 1h2, 214 

Viihies of, highest, l<K'i of l:t> 

.svr <j/.K«Ore«. 

Lead stoiK". Old Telegraph mine, methotls ustfd in s7-h8 

Lead-sulphide ore, exploitation of '£X\ 

openitions in in; 

Sec <;/w Ores. 

Leadville, Colo., galena ore at 224 

lycdges. general character of 32 

Lc'Kg. Charles, acknowhMlgements to 315 i iioti- ) 

on Brc^jklyn mine :i20 i note ». 321 (note) 

on depth of oxidation 215 ; 

Lc?H)X limestone, equivalents of 38 

fiissils collected from 389 

features and age of 37-38 

name of, derivation of 37 

Lenox tunnel, description of :VJ4 j 



Lenses of ore. iyee Ore bodies and Ore shoots. 

levant mine, gold ore alteration at 227 

Lewi8ton Canyon, stnictural features of -20 

Lewlston Peak, stratigraphy of 21 

Liberal mine, description of 293 

recent operations in 8H2 

Limestone, affinity of orc-Tiearing solutions for 128 

alteration of 66-70,133 

alteration procewiesin 228-229 

alteration products of 69 

bifurcating fissures in, figure showing 200 

breeciated chert in, plate showing 40 

chemical analyst's of 189,391 

chert ledges in, view of 42 

chert noduli'H in. plate Hh«)wlng 40 

contact of, with quartzite, plate showing 128 

copper ore in 135,151-152 

continuity of 373-376 

genesis of 183-210 

copi>er-suIpliide ore in 154-155, 184 

dikes and sills in 132-138 

exploration in. notes on 365-366, 385 

fresh and metamorpiiosiNl. idiotomicmgniplis of. 184, 188 

faults in 140-144 

formal characteristics of 388-389 

fossils f«Hind in 124,387-393 

garnet, pyrite, and chalcopyrite in, plate show- 
ing 190 

influence <»f, on ore deiiosition 180, 181 

intrusives in, relation of. to ore deiM>slti<m 132, 

i:«,ia^ 2)1-210 

ledgt*s of, in Butterfleld (Canyon, view of 3s 

marmorization o{, <'hemi<"al features of iv.i 

metamon>hism of 07, i:W, I'^^l'.rj 

relat ion of intnisi ve** to 1 s."> 

plate .xhowing specimen exhibiting is* 

me tamor}) hosed and f n^sh, photomicrograplis of. 1 h I , i k^^ 

mincralize<l fissure in, tigure showing 12>» 

molecular replacement in. evidence <»f T.*« 

noni>ersistcn<'e of 'l.Wi l 

occurrence of, in Bingham <iunnzit«' :u.:^T- 1:. 

on^-lwaring, age of via 

clianu'ter and e<»rrelatioM <>i 7«;. 1J4-1J*. 

stnttigmfMiii* phu'e «»f T*; 

ttiicknc^sof 7t- 

ore tsMliesin IJT Yl^. 1'^) 1V_'. im 

ailjaccnt to int^u^iv^• nKk> 132-1 :'.»'. 

plate sliowing buudecl >tru(turi' «'i' 1^4 

ore Ixxly in. tigure showing sectinn <.i" 1':^ 

pyrite grains ami reaetion rini«j jii.i»1jiI«' >li«»\\iiiu'. lo 

reerystallization of f.7 

rcplacenjent oi, by ore. lejiiiin^ nt 1\H- \\K* 

by ehaleopyrite andpyrii*-. plate- hIimwIhj;.. l'.«i»-l*»> 

by eopiHT on', plates s1ii>\n iiii; VXl. l'»4. Ivni 

replaeement (»re in, banded stnictun- of. li^'ure 

.showing Jul 

silieeoiL»» tyin? of, ofTurrencr of \>\ 

si lici ligation of oT «"•'.». i^i 

•<f»e(?imen of, from Highlan<l liny mini'. plaJ*- -liou 

i iig f.i ' 

from I'etro in<'line, i»laie show iii;r r.i 

supertleial altenition in. types of ji.. jir 

weathering ui 

."<<<*(j/soButterlield.Cominc'n'iul.. Jordan, aiul oiln t 
liniextoUi'S. 

Liinonite, fH*e«irrenee of 117. '214. IZW. 2J7, 2.'**. J :i'.». .:i " 

Lin«lK:r«'n. Waldenmr. ackiiow l<*d;,'ni».nt- lo . : 
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Lindgren, W'aUleniar, on alteration, superficial 218 

on gangne minerals 202 

on meUuiomatic processes 171. 194 

on ore deposits, genesis of lf>4 

on ore minerals 202 

on pyrrhotite, transformation of, to pyrite 105 

on tellurides, oecurrenee of 209 

on use of tenn '* contact dept)8it" 202 

Lion's Den ore Ixnly, Old Jordan mine, ore fmni, 

aways of 239 

Literature relatingtothedistrict, bibliographic list of. 99-102 

Little C-otton wood Canyon, power plant in 94 

Little Cotton wo<xi district, exploitation in 83 

Live Pine fissure, workings on 245 

Logics, banding in 174 

classes of 1 52. 153 

continuity of 372-373 

dip of 147,173 

exploration of. clews to 363 

extent and dejith of 372-373 

features of 124, 132, 150-154. 173, '200 

sket(^h showing 156 

summary of 183 

geographic extent of 148-149 

lead-silver slxxjt.s in 155-157 

minerals ci>mposing. paragenesis of 159-1(»0 

occurrence of. features of . . . . 124, 132, 150-154. 173. 181 , 200 

ore deposition in. chemical factors of lso-183 

date of , -201 

method of 174-175 

physical factors of 179-180 

ores in, character of 152-161, 200 

genesis of 172-183 

structure of 158-159 

structure of, types of 155-157 

trend of 78, 137-138, 146-147, 173 

diagram showing 138 

Lotti, B., on genesis of copper ores of northern Italy.. 164 
Lower Bingham Creek. S*:t: Bingham Canyon (lower; 
and Bingham Creek. 

Luckite, chemical analy.sis of 117 

discovery of (original ) 328 

occurrence of 103 

Lucky Boy mine, rare minerals found in 103 

Lucky Boy tunnel, descrijition of 328 

'^cGulre & Co., filacer claim of 3*V0 

Machinery used in mining, character of 88 

McVichle, Duncan, acknowledgments to 74 

Magmatic stoping. process of 53-54 

Magnetite, occurrence of 117, 205 

Malachite, character of 109-110 

occurrence of 10^110, 218. 223, 226 

Mallardite, o<rcurrence and character of 103. 117-118, 328 

Mapn of the district 75, in pocket 

Marble, occurrence of 184 

ore-bearing seams in, figure showing 200 

production of, from limestone 67, 132, 186-192, 202 

SeeaUo Marmorization. 

Marcasite, occurrence of 268 

Markham Gulch, claims in. early location of 82 

geology of 289 

mines in, descriptions of 290-298 

list of 289 

regional fracturing in 136 



Page. 

Marmorization, chemical analyses showing changes 

incident to 189,191 

limestone exhibiting, plate showing 188 

Stc also Marble. 

Mary Emma t\innel, description of 298 

Mary mine, location and general features of 272 

Massicot, development of. plate showing 220 

occurrence of 112, 226 

May & Merrill, placer prospect of 390 

Mayberry. A.r., acknowledgments to 315(note) 

on Brooklyn mine 320 (note), 321 (note) 

on oxidation, depth of 215 

placer mining by 368 

May berrj- rim , correlation of 359 

description of 868 

values in, averages of 337 

workings in 331, 334, 837 

May Queen incline, loiralion of 288 

Melaconite, occurrence of 222 

Melanterite, occurrence of 213-2U 

Mendenhall, W. C, on i»lacor gold, .sources of 342 

Mercur district, <!Ountry ro(tk in, age of 160 

fissures in, relation of, to fissures in Bingham dis- 

t rict 146 

fissures in, trend of 146 

mining methcKls used in 88 

ore deiK>siti(»n in, setjuence of 25 

stnitigraphy in 21, 125 

Metallic sulphides, development of 177 

Metiillic values, highest, occurrence of 136 

Metalliferous minerals, deposits of, forms and sfzesof . 69-70 

Metals of ore dept^sits, enumeration of 69 

production of, in district, 1870-1900, table showing. 97 
in Salt Lake County. 1900-1903, table show- 
ing 385 

Metamorphism, contact, causes of 186 

contact, character of 183, 185, 192, 206 

efTects of, on limestone 66-70 

on monzonite 63-65 

on ore deposition 199-210 

on (juartzite 66-66 

minerals assoc'iateil with 202, 205-206 

proi'csses of, sequence of 229 

stages of 1 86-192 

analyses showing 189, 191 

map showing 186 

features of 176-178, 180 

influence of, in ore cleposition 199-210 

regional, causes of 185 

types of. : 62-6a 

See alsft Alteration and Weathering. 

Metaflomatic processes, efTects of 171, 172, 179, 180, 194-199 

Michigan iron mines, methods used In 88 

Microscopic section.s, examination of 194-199 

Midas Creek, geology of 909 

mine workings in. description of 309-SlO 

Middle Bingham Creek. Sec Bingham Canyon (mid- 
dle) and Bingham Creek. 

Midland mine, description of 308-309 

ore in, character and value of 306-309 

Midland tunnel, waters in, limonite deposits from ... 214 

Mills, concentration, operation of 96-96 

Mineral-bearing solutions. See Aqueous solutions. 

Mineral resources of Utah, development of 79 

Mineral zones in ore bodies, occurrence and genesis of. 212 
Mineralization, areas of, features of 184 
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M irifmli/utioii, im rHnl> of 21(>-'211 

pnM'fKsrN <»f (W-TO 

•^uiniiiiiry hlHtory <»f 229 

/(HH's of. «M'<MirM'iu'o ami Ki*iu*si<it)f, in nrr iMnliw.. 212 

MiiMTiili/r*! flwumvi, tn-ml tt( 1S7-138 

Mini>rali/4Ml miltitioiix, nMM'ndiiiK nioviMiuMit <>f, tfifUiv 

sliowluK 200 

Sfi- aUn A<iiUMm*i wt1utioii>. 

M iiuthIn. rlumii'ter of, in ori's 101-120 

r<intact-nu>tiinior|'iii('. Ii?«l of 204 

•li'jmsiUon of. onlorof Irtl 

t;iinLMii>. li.st iif *i^ 

\n\\^t\\iv\\^n^\*^ of. in 1«m1i*!* LW-IW 

nirr. iM'ciirrt'lUM" <»f H«, 107, 111, ll'.J, 1 17, 1 18 

Mini* \v<irkinK«(. huri/ontiil iiml vvrticnl ninK<> of 372-370 

Minrrs lircam tunnol. ox lent <»f 316 

Miiws, rluvsitU'iition of iK<^)Kni|>hi(M 230 

•litailiil ai>!>Kii|itionKof 23O-3:t0 

t;ol«lort> Vttlnt^N in, tablcshowinK 122 

ItH-iiiion of. iua|> Mhowinyr uvitli imU'x'k In iKM'kot. 

pnnluolivf in IWW. list of 96 

^\ atoFM in, hkl'IH'V of, in on- alU*mtit>n 2i:W2H 

Minlnir. rarly oliMtm'U»8tu 79 

t'\jM*nst»« of, ro(lnt*tion <»f S5 

yrTu'nil hl»l»»ry of 79 

Krowtii of f<l, 379-:V«> 

l>riM'<'s>t"« of MV-W9 

Miimtu' olaiins. t'nrly ItH'nlions of S1,H2 

Miiiitii; law>. ri'visions of k2 

M itj inK machinery. chanicU'r of 88 

clianutrr«>f. in i>ln(*i>r mint's 3:{1.332.3H.\33(> 

iHiwrruMtl for HH-?«9 

Miniiik^Ki'viow, on I'nitiM States snioltor, e<|iiii»nient 

of 3H0 

M ill nil' mi no, loon t ion mikI KonomI featuivs of 272 

Moliawk tunnel, situation of 307 

Molstuiv. a»rency of. in ore alteration 212-213 

.Sfr ii/j*«i .V I luoous solutions, 

Mi>kH*ular it^plaivment, feat\in^ of 191-lW 

MolylMlenito, ooi'unvnoe of lis 

Mi>uto£uma mine, deep mining at 87 

M*nres in. fo*tupw cf 126, 139, 14S. l.\2-l.W 

,i:i»t»lo»irio Mnietnre in 29i^291 

motluxls U!^hI in vUhji 

inineraliiation |H^rii»«l» in .' 210 

«»ti' in. olmraoter ami value of 29iv-2«ii 

^halo walls in 129. \M 

vi I ua t it»n and development of 290 

\\rth'r»of. sulpliunMe<l hydrx^^n in 214 

M. in .'iMUtr. analysts of 177-17'.* 

altomlion of 6>'i-(wS. 176-179 

art'jiH of 76 

1 haUH>pyrite develop! n(f in. plate .showingr 170 

dikf M. i|uartzite hor>e in. plate showinjf VM 

oi'i •nomie imi^>rtanoe of 130 

oionomioally impitrtant masst's of. list of 13U 

iiuiire exploitation of. field for ;^S3,3S.> 

i:.»ld rontent of 342 

ini lusions of other r\n*ks in .Vt 

i!HrU'«^ion of. date of •.►■JS 

i'ffe**t» of 24 

■ : Ii. «lo«>o ft'Aturey of ,'ViUM. 12^1 W. l;«2 

:m< ;;inv»ri»hism of. natnrt> of i?j» 

!v. .'.uniliTatlon of. faetor» inlluonoini: tvt-64 

. Tf N*arin«. suifaoe indication} of ."t^y 

!H '• r.vraphy of IJ^^l^* 



Piige. 

Monzonlto, porphyritic type of (fine and coatk), 

platen tihowing 44,46,166 

pori'liyritic type of, mineralnin 51-A2 

pyritic deposits in, genevlH of 167-172 

sill contact of, with quartzitc, Old Jordan mine, 

plate showing IM 

See alM Country rock and Igneous rock. 

Monzonite-iK>n>hyry, analytical determination of ISO 

Morenci, Ariz., native copper at 223-224 

su|)erilcial alteration at 218,223 

Mormon authorities, early opposition of, to mining de- 
j velopment 79,R2,83.832 

mining encouraged by 83 

Morning Star mine, consolidation of 383 

Morris, l^adore, on placer exploitation 332 ( note) 

Mother lode, ralifomia, featuri*s of . . '. 149-150 

Mound Springti, water from, use of 3R3 

Mountain Gem tunnels, location and general features 

of 279 

Muddy Fork, faulting along 142 

giHtlogie Ht nicture in 276 

i mine:* in, descriptions of 276-285 

ore alteration in 214 

Murphy, J. £.. on mining laws of the district, revision 

of H2 

Muqihy. .1. R., on tin<t mining district, formation of 81 

on placer exploration 332 (note) 

on rtah «melter, expenses at 89 

Murray. I'tah. railway connections with 76 

smelting oiterations at .'IsS-aM 

:n'. 

: Nast mine, argentiferous lead ort.> in, plate showing . . . h'*) 

developments in 27'>-2'*l . jkj 

tIsHun's in,datesof i;«s 

location of jTi* 

lodes in, featun.>s of ivi 

minerals in . . .• iTr; 

mineralization in j^i 

ores in i!U.>o 

veins in, character of 27i*-jh» 

relation of iv 

I Native copper. S^r (\>pi»er. 

Native silver. Str Silver. 

Navajo tunnels, description of .>.r^ 

I Neptune mine, alteration in I'l h. j-j:; 

development of j^j 

flwure in. transverse section of. ritrurf >howiinr . . . 2:>7 

get>Iogy of -Jill 

location of 242 

mineralization in jio 

on^ deposits in 1 >. 17.'^. Ji"0. 212-24:? 

shipments fn>m M.v^i 

walls of » •J4;; 

New Haven Topper and Gold romimny. . .jn raiions of. ;is^ 

New Mammoth mine. des4'ription <«f ;'.ly 

ore in. chanu*ter and vahu- i^f ;i ■■.- 

Nfwhous^' li- Weir, mining opiTHiiini*. of yc^ 

Nez rerees Chief claim. locatitMi of i«. 

oiH*ratii>n of j^'^ 

Niagara mill. cyanidlngof»erati«>n> at 

Niagara mine, description of v.. . ; ,;^ 

ore iKxiie* in : ^ .a: 

pn^luction of . , 

nK'ksin . ; 

«:tuatiim of .-, " 

w.-itrr* -^f. minora'. iN">nie:it of .: i 



Northern L\gbt mine, » 

Northern Light LuimeJ. 

Ko-You-Don't pn»|w<'[> 

louidoD ul 

Knggela, gold, dlncover 



ORllvle, U. B., dlmvveryofoR'liy 

Ohio CoptuT Company, receiii ojierBilon* o 
Old Channel C(im|Any. ].lac:t'r i'X|>loiUitlr)n 
Old Channel place n. ihanieleriif 



Old Jordan mine, Blleralkin (xupernclal ) In Ill 

Conglumerste (ruui. i.l»le ehowlog 6S 

«*W*ftreln 133-1M,1.W 

oouBtryiock n IW-Mi 



hlMory ol 

Inlraolvesln 

llmcMune from, ani>ljiie«o[... 
meUkmorphlHm in ^ 



ore tn, lompotiliion of .. 



toroi 



inol.. 



power tuedJD .._.. 

producllon ol 

pmnptng Q,ineLhod*ol 
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evidi*nce of 199 
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S^r alin/ Mineralization. 
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160. 161. 163-ltU, 167-172 

^'i.>rii>si.» (»f, in Igne<jUH rook 1G2-172 

in liinf>tone 183-210 

in l.Mhrs 173-18:i 

siimnjary of 1S3, 229 

jrnolvsuf 104 
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siirfaec exhaustion of 87 

value- of 120-122 

index i)f 135 . 

.S< ' »iho Clipper ore, I>ead ore, and Bilver-load ore. 

orplinii Boy mine. )(H*ation of M ( 

( >ri»han Boy tunnel. S*e Old Jordan mine. j 

()ri»inient, rci»ortc<l <K'Curn.*nce of 118 | 

(Miti)Ut of the district, tabular ntatement of 97 
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Pamell mine, development of 271 
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ore in, value of 272 
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Peabody tunnel. Stewart mine, description of 2H4 
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Peacock ore. stnicture of 158 
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Pello tunnel. Htnictural featuresin 238 

Pencils i if ore. Set Ore shoots. 

Penn>se, R. A. F., jr.. on superficial alteration of 
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on tellurides. occurrence of 209 

Petro limestone, faults in 142-143 

faunal characteristics of 388 

metamorphism in 1N4-192 

Petromine, country WK'k in 273 

ftasures in, agi* of 139 

geologi(; historj* of 287 

limestone from, plate showing 60 

UK'ation and development of '286 

mineralization jieriixls in 210 

ores In 2s7 

structure in 2s6-2S7 

Phoenix limestone, character of 44-45 

fossils in :5Ss 

metamondiism in 184-11*2 

Phoenix mine, alteration in ji:, 
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♦rend of 117 
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ore in, character and value of 274 
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PiMnni. F., mineral analysis by ; n 

Pisanite. analyses of 1 1 1 

character of 111 

(M'curn'nce of liw. 1 1 1, 214 
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andtrsitic type of. features of .V> 



INDEX. 



409 



Page. 

Porphyry, character of 55, 129-130 

copper ores in, genesis of 16^-172 

definition of 129.367 

occurrence of 127.129,130 

relation of placer gold to ^ — 342 

specimen of "weathered, from Telegraph mine, 

plate showing 46 

Toiepnf, Franz, on oxidation, theoretical limit of 217 

Poflt-mineral movement, features of 139, 159 

Power, sources and uwj of, for mining operations . . 88-89. 94 

Pratt, J. 11., on gene«is of conmdum 164 

Precipitation, agency of, in ore alteration 212-213 

Pressure, influence of, in ore deposition 179 

Probert, F. H., on nature of glistening grains in py rite. lOtJ 

Proctor level, Old Telegraph mine, features of 250. 251 

Production of district, statistics showing 96-99, 385 

Production of metals, rank of Utah in, table showing. 80 

Productive area, extent of 385 

Prospecting, methods of 361-363 

Publications consulted, alphabetic list of 99-102 

Pumping, methods of 88-89 

Pyrargyrite, occurrence of 113, 303 

Pyrite, alteration of, to limonite 172, 227 

analysis of, reference to 103 

banded structure in 193 

calcitein 214 

character of 103,104-105,376 

content of, in Highland Boy ores 268 

crystals of, plates showing 86, 220 

cupriferous, plate showing 220 

development of, in calcite 199 

in monz(mite 177 

plate showing 166 

genesis of 167.171-172,176,179 

gold associated with 226 

grains and reaction rims of. in limestone, plate 

showing 40 

minerals as.s<K*iated with, plates showing 204. 208 

ocrcurrence of, in Bingham laccolith 167-168 

in Broad Gauge niin«' 308 

in C'ongor mine 314 

ill «'(»pper on> 157, 194, 199, 218. 222 

in copper-iron ore 283 

in Erie mine 295 

in Frisco mine 269 

in marble 133,176 ; 

in metamorphosed limestone, plates show- 
ing. . ; 190. 196 

in monzonite 134, 1»W, 164, 177, 278 

in Nast mine 280 

in porphyry 130-131, 156. 163. 167 

in quartzile 285 

In silicified limestone 198 

in U-and-I mine 289 

in Winamuck mine 302-303 

oxidization o(, stages of 228 

paragenesis of 160, 161 , 167, 210. 228 

separation of, method of .^6 

silver a.«».«)ociateil with 113 

specific gravity of 376 ] 

structure of 157- 158, 159, 161 , 227 

sulphur content of 104 

Pyritous copper ore. Sec Copper <»re. 

Pyrrhotite, character and development of 105, 179 ■ 

occurrence of 130,157,167 ' 
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Quartz, cavernous structure in, plate showing 194 

chalcopyrite in, photomicr(^raph showing 170 

forms of 118,159,160,161,280 

granular. (K'currence of 190 

replacement of calcite by 199 

Quartzite, age of 21-22 

alterations of 65-66 

banding in 33-34 

bedding planes of 8") 

cliffs of, occurrence of 36 

view showing 36 

colorsof 33-34 

conglomerate containing, plate showing 66 

contact of, with limestone, plat«s showing 128, 

226,262,266 

with monzonite, plate showing IW 

exposures of, tojjogniphy of 36-37 

ferruginous, brecciated outcrop of, view showing. . 52 

fracture zones in 126 

features of 33-37 

limestones in 34, 37-45 

metamorphLsm of 35-36, 175, 176 

ores in, ot^currence of 127-128 

outcrops of, features of 36-87 

solution of, by underground waters 36 

specimen of, plate showing 56 

stratification of 35 

texture of 34-35 

thickness of 23, 35 

topography of exposures of 36-37 

weathering of 36-37 

Queen lode, description of 326-327 

extent of 145 

location of 84 

ore in. character and value of 147-148, 

159,176,214,326-327 

Queer, tunnel, location of '. 325 

mill at, erection of , 95 

Quinn tunnel. Wall group of mines, characteristics of. 263 

R. 

Railways, routes of 76, 83, 98 

Sfc aUo Tramways. 

Ransome, F. L., on brecciated structure 159 

Rtiw smelting, process of 94 

RajTnond, R. W., on ore deposits, genesis of 164 

on ore values 308 

on smelting costs at Utah mine 89 

on smelting costs at Winamuck smelter 90 

on wall roclc of Winamuck vein 801 

Reaction rims and pyrite grains in limestone, plate 

showing 40 

Realgar, reported occurrence of 118 

Recent deposits, areas of 45-^ 

Reduction, processes of 89-96 

Red Wing Extension mine, description of 298-299 

mineralized zone in, section of 298 

ores in, value of 299 

.shale from, plate showing 198 

Re<i Wing group of mines, consolidation of 383 

description of 296-298 

Red Wing mine, description of 296-297 

ore in. character and associations of 129,*181, 296-297 

Relief, topographic, agency of, in ore alteration 213 
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Urmimiit. . placer claim of 300 

Rtpluoenient of country nx*k by otv, evidences of . . iy»-199 

Sff- nho Metamorphbim and MotaM)matiran. 
Hi.'itlaceinciit ore, Imnded stnictureof, figure showing. 'Ml 

cliarac'lerof 1S2.18C-192, 193-194, 200 

•lat.-of 201 

f( inuHtion of, in Iiine!»tone. plates showing 192. 

IIM, 19G, 19S 

.St' «j/^«; Ori*!«. 

Ko vt-rlH-Tatory furnace, use of 90 

Ki'vcrt* mine, dewrlptlon of 321 

• in." in. value of 321 

Kh(Hl<Hhn»?!iit»\ occurrence of 120, 1«), 161, 1T4, 17t» 

Richardson, (i. B.. on placer jjold, Mturce8<if 342 

Kim trmvcK definition and di.xtributlon <»f 3:il.340 

ilciM.toltion of !MC 

wcirkingsln 356-3M 

» / ixho « travels and Placer mintr>. 
Ki<» <ir}indc Wet<tem Railway, t'onnectitm with 76 

clrvatioufi determined by 123 

K«>bbi»« fissure, faults in 141,23&-288 

Fiot'ks. j);neous. ik-e Igneous nKk. 

s«'<limontary. .<rv' Se<llmcntnry rock«. 

UiM'k. solubility of 31 

Rock weathering, features of 31 

R< >u«T<'s concentration mill. location and equipment of 95 

inim-sncur 262/263 

Roll fault, <.)ld Jordan mim', plate showing 128 

'• RolN," origin of 57 

RoiiiHii Kmpire tunnel. Old Telegraph mine, features 

of 250-252 

RoNi tunnel, de;<cription «)f 291 

waters in, limonite deposits from 214 

RoHhland. British Columbia, ore depfinitM ut, genesis of. 164 

Rough-und-Kcady mine, location of 84. 253 

Run-off lines of the district. dirtHJtion of 30 

Ruvh Valley mining district, formation of 81 

St. .lames mine, description of 328-329 

<ire of 829 

(luartzite <)Utcrop near, view of 52 

SI. .F(»e mine. deHi»riptIon of 322-323 

< >re in, value of 323 

reeen t development work In 383 

St , Ijoui.N placer, correlation of 347 

description of 355 

Saint.s' R«.t,t Gulch, geology of 323 

mine workings in 324 

Salt Ijike City, railway conn wtions with 76,83 

Salt Lake County, metal production in 1900-1903 385 

Salt I>ake Mining Review on United States smelter, 

equipment of 3H0 

Siinds un<l gmvels, recent deposits of 45-50 

Sandy, Utah, smelter at, e«iuipment of 2t»5 

Sup (iulch, quartz! te foot wall in, plate showing 264 

Schaller. W. T.. analysis of pisanite made by, reference 

to 103 (note) 

Sirhenk placer, description of 355 

Seeon<lary enrichment, features of.. 212,217,218-223,228-229 

Sedalia tunnel, situation of 307 

Se<iimentary rocks, contact metamorphism of 201-210 

eurrelation of 124-126 

descriptions of 3»-50 

ores in, occurrence of 123-129 

Seltfuite, r)ccurrence of 308 

Separation of ores, methods of 95, 228, 376 



Sericlte. occurrence of 120 

Sliafts and drifts, usi.>of, in exploration 86-87 

inhale, chemical analjitesof 182 

comiKwltlon of, analyses showing * . 182 

future exploitation in, fields for 385 

influence of, on ore depovition 180 

mines in 181 

ri'plucement i>f, by clialcopyritc and pyrite, plate 

showing 198 

.stmt igraphic place of 76 

.Shawmut Mining Company, mill of, equipment and 

operations of 95-96 

mill of, erecti<»n of 98 

Shipments r»f on». amounts of 96-96, 233, 281 

first, date of titS 

Shoots, ike On* shoots and Ore deposits. 

Siderite. occurrence of 118 

Siliccoas limestone, oi'currence of UM 

Siliceous ores, tniitmentof 94 

Siliceous rocks, ores In, occurrence of 127 

Sillcifit.'ation, methods and reaults of 67-69, 202 

Sill, definition of term 366,368-369 

Sills, features of 132 

ore bodies near ik8 

surfact* indications of 368-369 

Silver, coinage of, mHwx of restriction of 85 

horn. (Krcurrence of 226 

minerals containing 1 13 

imti ve. o<rcurrence of 113 

occurrence of ( typical ), In lodes 2(Ki 

ores of. genesis of 17J-lh:J 

genesis of, summary showing 229 

leaching process employed on 91 -'.^.i 

lodes of, persistent ui-j 

occurrence of 77, T>*. 3i>^j 

values of 7h, IJl 

index of 1 :{.^ 

Sev aim Silver-lead ore. 
production of, in Salt Lake County 1900-1903. table 

showing :5s,'» 

separation of, metho<l of y;*'. 

telluride of. See Telluride**. 

Silver Bell mine, description of ;;oi» 

Silver bullion, fineness of <.»i 

.Silver Gauntlet tunnel, extent ot .Wu 

Silver Hill claim, location of sj 

ore of JVT-jy^ 

Silver-lead ore, alteration of 22.'>-"j-jo 

development of, actual ami possible :is<>, ;t.v2. :ts.^ 

genesis of r 172-1 h;J 

summary of -j^y 

metallic content of 7S 

mining of ks 

occurrence of 77. 7h. jtM). Myi 

seams of, platw showing l.'.s, l»j« 

separation of, methorl of ;i7«. 

shoots of, structure of 1 V>-1 '>7. 1 vj 

values of, loci of 7'^. 1 Ji . i;i^ 

Silver quariz, leaching pnK'esj!' employed on 1*1 -'.»■. 

Silver Shield fi.ssure, extent of 1 1;. 

ores in, occurrence of 1 jt. 

Silver Shield mine, country n>ck in JVi-Ji? 

deep mining at «*: 

development of 1 1»'.. :i«•2-;i^; . 

giM^logic structure in 'Jl'-JiT 

situation of IV' 

lode «»f, bandeil ore in l^y 
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Silver Shield mine, lode of, character of 132, 152-161 

lode of, frozen contact in 17f) 

galena in .• 160 

minemls In 176 

ore body in. character of IIS, 200 

pay streak in, structure of I'i5-156 

figurcH showing 156 

jilate showing 158 

methods iLseil in S8-S9 

monzonite f n)m near, plate showing 46 

ore bodies in 214, 247 

pumping in HU 

Silver Shield Mining Company, operations of 95 

Slag loves, statement of 89, 90, 91 

Sluicing, placer development by 831. 332, 335. 350, 353 

Smelters, ventilation in. system of 94 

Smelting, economic results of 89-90 

Smith, G. O., and Tower. G. W., on tissures of Tintic 

mining district 146 

on tlsnuring in Gr(«t Basin, dates of 140, 343 

on Tintic and Mercur districts, age of ore-bearing 

rocks in 125 

Soci^t(> des Mines d'Argent et Fonderie*! de Bingham. 

operations of 248 

Solutions. .Stt' Aqueous solutions. 

Sorenson. S. S., on Highland Boy RmeKer 380 

Spanish mine, developments at 84 

gold ore alteration in 226-227 

location of 84,98 

Specularite, character of 205 

occurrence of 116-117, 133, 176. 205, 268 

replacement of calcite by 206 

plates showing 208 

Sphalerite, calcite in 208,214 

character of 115-116.376 

minerals associated with, plate showing 208 

occurreuce of 115-116, 133, 

156-161, 174, 2a5-206. 214, 269, 270. 278, 295, 303 

separation of, from asscK'iated minerals 376-377 

zinc content of 116, 376 

Spurr, J. E.. on Assures of Mercur mining district 146 

on Mercur mining district 21 

on Weber quartzite, equivalents of, in Bingham 

district 125 

Stamp mills, bullion produce<l by 91 

erection of 84-85 

Star mine, description of 271,329-330 

Steamboat mine, gold ore in, alteration of 215.226-227 

Stewart mine, description of 283 

gold ore in 215,227 

operations at 86, 281, 282, 283-285, 381 

stamp mill at. equipment and production of 90-91 

Stewart No. 2 mine, gold ore in 227 

operations at 86,281,282 

Stokes, H. N., acknowledgments to 74 

chemical equation determined by 224-225 

chemical examination of pyrite by 104 

Stopc sections, features of 154 

Sloping, magmatic, process of 53-64 

Story mine, location of 241 

ore deposits in 176,241-242 

value of 242 

workings of 241 

Stratigraphy of tlie district, general features of 21-24,33 

Stream grades, character of 31 

Structure of region, character of 22, 66-62 

Structure sections, plate showing In pocket. 
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Sudbury, Canada, ore deposits at, genesis of 164 

Sulphantimonite. occurrence of 209 

Sulphates, ix*currence of 214, 226-226 

Sulphide copi>er ore. .SVc Copper-sulphide ore. 

iSulphide enrichment in ore Ixnlies, zone of 212 

Sulphideores, alteration of. superficial, plate showing. 220 

black, composition of 222 

occurrence of 222-225 

character of 214,222 

deposits of, diagrammatic sections of 151 

reduction pn)cesses employed on 90 

val ue of 78 

Sulphuret ore, smelting process employed on 90 

Sulphuret^Hl hydrogen, occurrence of. in mine waters. 214 

Sulphuric acid, <K*currence of 228 

Superticiul alteration. »*v-f Alteration, superficial. 

Susiiuehanna No. 2 tunnel, description of 288 

Sweden tunnels, description of 291 

Tatem, B. H., on production, statistics of :«5 

Telegraph mine, cop|>er ore from, plate showing 194 

development in 380 

gangue material in. analyses of 192 

gravel de(H)sits near 47. 49 

intrusi ves in 134 

metamorphism in 189- 

192, 216-217. 21 8. 226-227 

meta^omatic processes in IM 

monzonite from, analysis of 178 

photomicrographs of 166 

operations in 233 

porpliyry from near, plate showing 46 

power used in 88 

production of : 234 

quartzite (shattered ) near, plate showing 56 

sections through, plate showing 262 

ike also Old Telegraph mine. 

Tellurlde Power Company, power furnished by 95 

Tellurides of gold and silver, occurrence of 78, 

103,115,206-209,222 

plate showing 220 

Tellurium, ores containing 78, 103, 115, 206-209.222 

Temj)erature, influence of, in ore deposition 179, 212-213 

Tennantite, occurrence of 109 

Tenorite, character and occurrence of 109, 222 

plate showing suli>hide copper ore rich in 220 

Tetrahedrite. character of 107 

formation of, on pyrite crystals, plate showing 220 

occurrence of 103, 

107, 159, 160, 161, 174, 200, 222, 223, 302-303 

silver content of 113 

Tiewaukee mine, description of 305-306 

ore ifi, alteration of 217 

occurrence, character, and values of.... 163,306,364 

TUden limestone, lithologic character of 44-45 

thickness of 44 

Timber in the district, character of Zl 

Tintic mining district, country rock in, age of 160 

Assures in, relations of, to Assures in Bingham dis- 
trict 146 

proiiuction of, compared with that of Bingham 

mining district 80 

stratigraphy in 125 

Tooele Canyon, sheeting and siliciAcation near 22 

structural features of 20, 22 

Tooele Creek, recent dissection by, plate showing .... 344 
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To]M>xriiph y. or relief, agency of. in ore alteratitm 213 

TrtfMi^mphy of the dii«trirt. general features of HO 

TorHiuiuiI faulting. Sre Faulting. 

Tow(>r. a. W., ami Smith. G. O., on flwunM of Tintic 

mining district 146 

on liKsurhigin Greiit Baffin, dates of 140,343 

on Tintit; and Men:ur mining dlHtrietx. age of on*- 

tx'aring rrK*k8 in 1*25 ; 

Trinnwnys, aerial, u«eof a6o.3H0.3M 

Triins]Mirtuti(»n of ores, mcimiiof 3H4 

S< (f/jtc; Railways and Tramways. 

TransiMirtalion, rates of M.91 

Treniolite, CMrcurrenee of 'M\ '■ 

Trilmnc tunnel. Telegraph mine. mon»>nite fnnn. an- 

alyscNof 1"*^ . 

nionzonite from, photomicrograph of l(i<> 

T'-«lHTny>Mh«'W, Th.. on iK-curremreof Archimedi.*s... 3^7 
TntT. andesitio, from near Li-ad Mine, plate showing. 48 , 

Tunnels, use of, in exploration and drainage *tti-H7, 

2i50.:WJ-310,8^1-3S-_> 
Tunnels ••<',•• "N*.. 2." and "Xo. 1.5," Wiill >rr<mp. 
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